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PREFACE 

With the rapidly increasing number of sewage treatment 
plants in the United States and the development of new methods, 
those inteiested m the subject will appreciate the valuable 
contiibution to our literature on the troublesome subject of 
sludge contained in the following monogiaphs by Dr. Eisner, 
Dr Spillnei and Mi Blunk The painstaking expeiiments and 
extended observations of these gentlemen, carried on under most 
favorable circumstances, enable them to speak with exceptional 
authority 011 this subject. 

Dr Elsnei's paper "Die Behandlung und Verwertung von 
Klarschamm" 1 contains a large fund of data gleaned from 
experience with, and observation of, the more important German 
plants and those of England The broad scope and thorough 
treatment are characteiistic of the German investigator. 

Dr. Spillnei 's paper, entitled "Die Trochnung des Klar- 
schammes," 3 is particularly valuable on account of the details 
of the results accomplished up to the end of 1909 in the operation 
of the plants of the Emschergenossehschaft, which are now 
receiving, s& much attention in this country. Dr. Spillner, as 
chemist, gives this information at first hand. 

The third paper cdmprises Part III of a ieries written yet more 
iccently by Di. Spillner and Mr. Blunge on "Results of the Opeia 1 - 
tion of Some* of the Mechanical Sewage Clarification Plants of 
the Emscher Association " 3 This has been translated x by Mr. 
Emil Kuichlmg, M. Am Soc C E. The title of this paper is, 
"Examination of the Sludge, the Liquid in the Septic or Lower 
Chamber of the Deep Emscher Tanks, and the Water Drained 
from the Wet Sludge on the Drying Beds " As this of more 
recent date than the former article by Dr. Spillner the authors 
have had the advantage of further experience in the operation of 
tanks of the Emscher or Imhoff type, as well as of the comments 
and criticisms concerning their design or efficiency that have 

1 FortachriUa der Ingenieunnasenadhaftm, Zweite Qruppe, 24 Heft, Leipzig, 1010 
3 MiUeilungen aua der Kdnighohen PrQfungaanatoU ffir Wc&serveraorgwng vnd Abwoaaer- 
beeeifroung, 14 Heft, Berlin, 1911. 

3 Techmaclies QemeindAlott, Vol XHI, pp 313-377 
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been brought out in ihe inteivonmg time Moiemei. Mr. 
Blunk, as opeiatmg, engmeei, adds fo (he discusMnn infuim:j- 
tion derived from the engineer's point of view n>ureniiii{; llnir 
operation. 

Although up to the present time sludge treatment h;is been 
accoided little attention in America as compared \\ilh (leiiiianv 
or England, this will be demanded more and mine heii'iifti'i . 
Some really cieditablc wmk has been done in (.his direr! i<m, Imw 
ever, and it has therefore been though!, desiiable In add MIIIM- 
notes on tho oharactetistirs ot Vmencan sewages ami mi the IWHV 
important results reached hero in Lho treatment and iilili/.atinii it' 
sludge. 

For the greater convenieiu-o of American cMigineers (lie iiiea,- 
uies given, unless otherwise stated, tiro (hoso cintniiiaiilv 
employed in the United HUitoa: tho gallon l)eing 1 1m rniicd 
States gallon of 231 cit. in ; tho ton, that of 2000 Ibrt., Ki 1 .; luit, 
for the convenience of otJiois tho motric nieiisuro given by llu- 
authors of the first three parts are also stated. 

Acknowledgment is hero made of tho courtesy of the ritv 
officials and others who have furnished data concerning tin 1 \\IM|*M 
under their charge and, in particular, of the valuable us.-, is (am r 
lendered by Mr. Emil Kuichlmg in the translation of n Urine 
passages in the original papers by Dm. Ing. JOlsuer and Spillm-i. 

K. A. 

NEW YOIIK, November 2Q, 1011 
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PREFACE 



The following treatise deals with the problem of treating and 
utilizing sludge 

It seems an opportune time to present this, for although there 
has been great activity during the past few years in solving the 
question of sludge disposal, yet a general discussion of the require- 
ments necessary for its treatment and utilization and their 
leahzation by existing methods has not yet been published 

In many cases the question of treating and utilizing the sludge, 
even in thoroughly worked out projects, has been left open 

This work may be of assistance to engineeis who are designing 
such plants in judging and deciding these matteis 

It is based on personal observation in journeys of inspection, 
in which a large number of important plants foi ti eating sludge 
were examined, also upon a study of the most recent literature, 
a list of which is appended, and on infoimation which has been 
placed at my disposal by a great number of city officials, for 
which many thanks are due. 

ALEXANDER ELSNER. 
DRE8D.UN, March, 1910. 
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TREATMENT AND UTILIZATION 
OF SLUDGE 



CHAPTER I 
INTRODUCTION 

The satisfaction felt in the more perfect methods of sewage 
clarification and then adaptation to different kinds of sewage has 
been diminished to an inci easing extent by the question of the 
disposition of the sludge which accumulates in the vicinity of the 
woi ks 

In 1857 the highest sanitary authority of England pioposed 
that a part of the filth in, sewage be removed befoie discharge 
into sti earns in older to prevent their further pollution and the 
intoleiably unsanitary conditions lesulting therefrom, and it was 
then that the sludge question first arose, i e , the question of its 
i emoval and the disposal of the filth sepai ated f i om the liquid 

Formerly sewage had been disposed of in the easiest and 
cheapest way by discharging it into a stream, or, in a few in- 
stances, distributing it over the land for financial gam, while 
now the sludge was accumulated in the neighboihood of the 
plant without considering that the gain in sanitary conditions 
was more than offset by the putrefying masses of sludge in the 
thickly settled manufacturing towns, thereby impairing the 
health of the inhabitants. 

The farmers did not make use of the sludge as had been 
expected This was partly because they discovered that its 
value had been overestimated, and partly because of an increase 
in manufactures, whereby they were driven moie and more 
to truck farming in those populous distiicts, requiring a moie 
expensive fertilizer, which they were then able to pay for 

Two ways have been attempted to reduce this nuisance A 
method was sought to make the sludge, which contained much 
lime after the prevailing chemical treatment, transportable by 
draining off a part of the water before putrefaction set in, in 

3 



4 SEWAGE SLUDGE 

order that its use might not be confined to the limited numbei of 
f aimers in the neighborhood of the woik.s, and so that, in this 
more portable condition, it might have an increased value 
commeicially Clarific cation piooesses were sought which would 
piomise a smaller output of sludge while otherwise equally 
efficient. 

The rapid spread of septic treatment may be attributed to an 
exaggerated idea of the i eduction of sludge which was antici- 
pated A further advantage was the comparative infiequency 
of the objectionable piocess of cleaning required by this method 
The introduction of biological methods, which seemed at once to 
solve the difficulty by means of the sludge-consuming activity 
of mici o-oi gamsms, was favored by the difficulty in caiing for 
the annually increasing quantities of sludge due to chemical 
precipitation 

The assumption that the amount of sludge would be reduced 
by 70 per cent, or even 90 per cent , as had at fii st been expected, 
in septic tanks, was shown to bo erroneous, noi was the difficulty 
of caring for the sludge removed by biological treatment; for 
even contact beds become clogged more or less quickly, according 
to the fineness of the mateiial and the frequency of filling, and 
must then be taken apart so that the sludge can bo washed away. 
With sprinkling filters, especially when made of coarse material, 
the necessity for taking them apart does not occur MO frequently, 
but flakes of deposited matter are washed out of the beds, which 
usually necessitates the placing of a sedimentation basin in the 
line of the effluent conduit It has been found that the greatest 
practicable pieparatory clarification by sedimentation tanks 
may increase the cleansing powei of'bacteiia beds by 1 1/2 or 
2 times, while at the same time postponing a premature accumu- 
lation of sludge. 

This ia also true of sprinkling filters and intermittent land 
filters. Heie it is especially the giease, animal fibers, hair and 
cellulose which form a felt-like surface sometimes 2 in (5 cm ) 
thick, injuring the plant life, lessening the filtering capacity, and 
hindering the aeration of the soil Removing this cover is 
expensive and much of the fertile soil is lost Furthermore, 
much larger volumes of sewage can be delivered to the land after 
thorough preliminary treatment (English estimates give 5 times 
as much with chemical treatment, 10 times as much with biolog- 
ical treatment) , a most important fact in consideration of the 
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deci easing area of available land and its inci easing value accom- 
panying the growth of cities It is not only in sedimentation, 
septic tieatment and chemical piccipitation, as well as m screen- 
ing plants and gut chambcis where sludge naturally accumulates, 
but also in sprinkling filteis, land filters and contact beds that it 
becomes a troublesome factor 

Two qualities lender sludge particularly troublesome to both 
the technical employees and to those living near the plant, and 
also, on account of the high cost of removal, to the town authoi- 
itics These are the tendency to putrefaction, particulaily in 
wium weather, and the contained water, which increases its 
volume and adds to the cost of transportation 

In particulai its tendency to putiefy quickly in warm weathei 
with a strong, disagioeable odoi, which becomes a nuisance not 
only to the operatives at the woiks themselves, but also to the 
residents of the neighborhood, made a change ever more impeia- 
tive. This is easily understood when one lemcmbers that by far 
the greatest part of a city's filth is stored near the clarification 
plants. What laige quantities are involved may be seen from 
the fact that in the 10 yeais fiom 1887 to 1903, 930,000 cu yds 
(711,000 cbm ) of solids were lemoved from the sewage of 
Frankfort. Here, indeed, as in most places, a further accumula- 
tion of sludge might be avoided by its use as a feitilizer, but the 
annoying odors ah eady mentioned cannot thus be avoided since 
the great proportion of water calls first for its drying out in the 
air Commonly, however, the demand for feitilizer is not great 
since, especially as in the vicinity of towns lacking a sewerage 
system, the supply of night-soil, with its higher fertilizing power, 
may supply the farmers' needs. Many examples made it clear 
that in planning clarification plants the greatest attention should 
be given to the disposal of the sludge This was the case, not 
only in England, where the sludge nuisance appeared more 
pressing on account of the chemical treatment, which was pre- 
feried for its gt cater removal of sludge and for the enhanced 
value of the sludge itself due to the addition of lime, but also in 
Geimany, where, decades later, similar conditions were repro- 
duced on a smaller scale. 

But even where it is easy to dispose of the sludge, whether 
dried or wet, there is occasion for further treatment For, as 
this by-product is of small value and of considerable mass, there 
should be an effort to avoid its transportation and treatment, 
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But even where it is easy to dispose of the sludge, whether 
dried or wet, there is occasion for further treatment For, as 
this by-product is of small value and of considerable mass, there 
should be an effort to avoid its transportation and treatment, 



6 SEWAGE SLUDGE 

especially by manual labor, which increases the cost to an un- 
necessaiy extent What an enormous expense may i csitlt is .scon 
in London, wheie about $238,000 (1,000,000 M.) is annually 
spent in canying the sludge to sea in tank steameis 

In Leipzig, too, the annual expense of handling in about 
$7100 (30,000 M ), mainly for carting off the cliicd sludge. 

Efforts to improve this condition have been made in two 
dnections One was to remove the sludge and to simplify and 
cheapen its transportation to drying beds or places of utilization, 
and in particular to avoid the unhygienic manual labor. Ono 
way to effect this is to give the tanks, wells and towers foi sludge 
the best possible form; and, further, to install machinery and 
apparatus foi the automatic removal of the sludge, or to operate 
the plant so as to pioduce the least possible amount of sludge 
with equal clarification. 

Other experiments and attempts have been made to remove 
the water from the sludge more quickly and with less objection 
than by drying in the open air, or at least to improve upon tins 
method, water being the greatest drawback to rendering sludge 
of value Above all, it is desirable to retain the fertilizing prop- 
erties of the sludge, its fats and calonfic value, and in this way 
to reduce the cost of treatment, efforts which are important even 
from the agricultural standpoint. It is estimated that 
$143,000,000 (600,000,000 M) are annually lost by failure to 
utilize the nitrogen in sewage, but one-tenth of which is used. 
Although these figures are theoretical and perhaps exaggerated, 
they should cause one to reflect. 

These considerations for simplifying and improving sludge 
disposal and utilizing it, or at least attempting to do so, are of 
great importance to an engineer who is planning a dispowal 
plant. Disregard of these matters has often resulted in costly 
alterations, or even a complete change of plan. 

Any standardizing of sewage treatment should bo strictly 
avoided and each plant designed with reference to the particular 
local conditions. 



CHAPTER II 
SLUDGE, ITS COMPOSITION AND AMOUNT 

By sludge is here meant all the residue which lemains after 
treatment of city sewage by grit chambers, bar screens and mesh 
screens, tanks, wells, and towers, by plain sedimentation or 
chemical piecipitation, septic tanks, contact beds or irrigation 
fields 

Its composition and amount depend upon: 

1 The composition and volume of the sewage. 

2 The manner of collection. 

3 The method of treatment 

4 The operation of the plant. 

1. The amount and composition of sludge, which consists 
mainly of the undissolved matter contained in the sewage, vary 
quite as much as the character of the sewage in different towns 

Even the amount differs very gieatly To mention but two 
examples, Paris sewage contains 1515 parts per million (mg per 
liter) of undissolved material, but that of Hanover 270 parts per 
million (mg. pei litei) 

Those cities whose inhabitants have low standards of living 
and use but little water per capita, have a very concentrated 
sewage, and so, in geneial, a large volume of sludge 

Aside from this, the amount of trade wastes determines to a 
large extent the character of the sewage This depends, not only 
upon the volume of the trade wastes, which sometimes surpasses 
that from domestic sources, but also upon the addition of certain 
substances, particularly free acids and salts of iron, which can 
convert undissolved into soluble material, and thus effect the 
amount and character of the sludge. Certain industries add 
substances which increase the putrescibility of the sludge or 
retard its drying, such as textile mills which give it a fibrous, 
felt-like character. Others add large quantities of grease which 
may determine the method of removal or treatment of the sludge. 
Other substances, particularly from metal works, act on the 
sewage and sludge as a disinfectant 

7 



8 SEWAGE SLUDGE 

The daily change in the chaiacter of the sewage is of import- 
ance in plants where the sludge is lemovcd dining continuous 
sedimentation, paiticularly where it is earned immediately to 
the filter pi ess for fuither treatment Not only IH it.s character 
changed but also its volume 

2 The system of sewerage is of importance in so far as th 
amount and character of the sludge is concerned, an consideiably 
more mineial matter reaches the sewers in a combined system. 
The amount of this material again effects the character of the* 
sludge, paiticularly its percentage of moistuie Large quantities 
of filth are washed in from the streets during heavy rams as also 
by the cleaning of asphalt and wooden pavements 

In towns where the streets are chiefly macadam and where* no 
catch basins are provided, in order to collect as much of the filth 
as possible at one point outside the city, especial care tihould bo 
taken, in planning the dimensions of the grit chamber and tho 
means for cleaning it, on account of the large amount of mineral 
matter brought down. 

If the sewage passes thiough pumping stations and long foivo 
mains or traveises long distances before it reaches tho treatment 
plant, much of the suspended matter will bo biokon up, thus 
reducing the amount retained by the tanks and screens, a con- 
sideration of especial importance where the clarification in 
effected by these means only. 

3. The greatest variation in the volume and character of tho 
sludge is due to the method of clarification, that is, the method 
and arrangements by which tho separable matter in removed 
from the sewage. 

Not only is the amount of the sludge, but also it condition 
and composition, dependent on the efficiency of tho process of 
clanfication. 

DETRITUS FKOM GRIT CIIA.MBEUB 

The sediment removed by grit chambei-a is composed princi- 
pally of inorganic matter. Its putrescibihty, the moat offensive 
quality of sludge, is therefore slight, as well as the amount of 
water contained. This varies from 3 5 to GO per cent It depends, 
aside from the manner of cleaning the grit chamber and the fre- 
quent stirring-up resulting therefrom, upon its content of organic 
matter, and this, again, upon the velocity of flow provided. Two 
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SLUDGE FHOM LIGNITE PROCESS 

The sludge obtained by this pi ocean is vciy full of water (95 
per cent or more) but can generally be easily piessed or dried in 
tho air, as is done at Copemck, without putiefaction or the 
oniiHHion of unpleasant odois The pressed sludge has but a 
faint musty smell and is non-putrescible. 

SLUDGE FROM SEPTIC TANKS 

The name thing is true of the sludge fiom the septic tank, a# 
this has gone thiough the process of decomposition in the tank. 

This, too, has only a slight musty odoi 

It has a granulai eaithy structure fiom decomposition, in 
contrast with piecipitated sludge which, after the watei is drawn 
off, has a fibious, felt-like appearance. 

The eaithy chaiactei of sludge from the septic tank process 
aids in the removal of the water, enabling it to dry more lapidly. 
It is also moie fluid, in companson, in spite of the small amount 
of contained water about 80 per cent 

All the data thus far given concerning the amount of water 
contained in sludge aie averages taken from a large number of 
plants and aie subject to certain variations depending upon the 
design of the plant and particularly upon the thoroughness of the 
mode of operation and the method of lemovmg the sludge 

DIGESTION, OF SLUDGE 

In the septic process one phenomenon has been much discussed, 
n amoly, the digestion of the sludge. That is to say, a diminution 
of the quantity of the sludge in such a manner that the dried 
solids contained both in it and in the effluent of the septic tank 
are lens than the amount received. A reduction of 80 per cent or 
more was anticipated by the introduction of the septic treatment 
and thereby relief from the troubles associated with sludge The 
amount of suspended matter contained in the effluent must be 
considered in determining the percentage of reduction, and this 
is rather large. In different English cities, for example, it varies 
from about 35 parts per million (mg. per 1.) at Salford to 244 
parts per million (mg. per 1.) at Birmingham Moreover, the 
sludge becomes more dense in time and in this way loses a part of 
its water. In fresh sludge this is about 90 per cent, and in dried 
sludge 80 per cent., as has been noted, therefore the former has 
twice the volume of the latter. 
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Moreover, a part of the solids is tiansfoimed into gas and 
another pait liquefies. This alone is to be considered in tho 
i eduction of sludge. 

The amount of this in different English cities is as follows: 
Biimmgham 10 pei cent , Manchester 25 pei cent , Leeds 30 per 
cent , Sheffield 33 pei cent. 

In Unna, also, where it was removed only once a year it was 
found to be but about 60 pei cent of the aggregate amount when 
removed weekly. 

The reason for the difference between these several figuics lies 
paitly m the difference in the composition of the sewage, es- 
pecially whether it is putrescible domestic sewage or whether it 
contains much impalpable mineral or othei mateiial not easily 
broken up, and paitly in the different amounts of the solids con- 
tained in the effluent of the septic tank 

A certain amount of sludge reduction may always be expected 
aftei prolonged storage 

SLUDGE PROM CONTACT BEDS 

Sludge is also found in contact beds and its lemoval at stated 
inteivals is necessary, depending on the extent of its piepaiatory 
tieatment, the construction of the beds and their operation. 
The sludge that is washed out is of an earthy consistency, con- 
tains 60 to 75 per cent watei and is readily dried As it is bio- 
logically digested it does not become foul later except in those 
cases where the beds are overloaded. It strongly resembles 
septic sludge In sprinkling filteis it contains, under certain 
conditions, a larger amount of organic matter, such as the larviD 
of flies and mosquitoes, while in contact beds it contains earth- 
worms and other worms 

SLUDGE ON IRRIGATION FIELDS 

Sludge sometimes appears on irrigation fields in the form of a 
layer of slime which covers the soil It consists of cellulose and 
grease, pi events the admission of air and sewage and must bo 
lemoved with a spade. This slime can be avoided by installing 
sedimentation tanks 

The differences in sludge obtained by the various kinds of 
tieatments mentioned coi respond also to its chemical composi- 
tion, so that there is little practical value in giving definite limits 
to the amount of each ingredient of which it is composed 
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In older to present a gencial idea of the matter some analyses 
showing icsults obtained with different methods of treatment 
aie Jieie given Later Home matenals will be considered moie 
fully which give to sludge a certain fertilizing value 

ANALYSES OF SLUDGE IN PER CENT 
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INFLUENCE OF THE MANNER OF TREATMENT 

4 The management of the plant has a marked effect on the 
quality of the sludge, especially the amount of water contained, 
and therefore upon the total volume 

As already shown, this is the case to a ceitain extent with gut 
chambers A frequent cleaning out of the sludge, possibly with 
dredges, causes a stilling up of the deposit, thus mixing it with 
the sewage, while m plants where the cleaning is done at longer 
intervals aftei cutting out the gut chamber, which is ordinal ily 
divided into compartments built side by side, the giit deposits 
more firmly and contains less watei 

This difference is not very important in consideration of the 
comparatively small quantity of deposit in the grit chambei, its 
easy handling and its inoffensive character. 

In settled sludge, on the other hand, the quantity of water is 
of great importance, aa its large amount may readily result in a 
nuisance on account of its unforeseen increase as well as from the 
greater cost of the transport and disposal of the increased volume 

In considering the influence of the contained water on the 
amount of sludge it should be noted that 1 3 cu yds (1 cbm ^ of 
sludge having 80 per cent, moisture contains 7 cu. ft. (200 1.) of 
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It is impossible to give final figures 01 formula 1 In -\\liicli I ho 
quantity of sludge to be expected may be exactly cst limited, 
for this must vaiy within veiy wide limits lor the reason* all rady 
stated Exact values can only be asceitaincd by experiments 
with the sewage in question, which should always be made in 1 ho 
case of large plants and especially where the sewage shows any 
peculiarity 

Howevei, we can usually judge of the quantity of sludge to bo 
expected from the amount of suspended mattei in the sewage 1 . 

In this way Busing, starting with an amount of suspended 
matter of about 700 paits per million (g per cbm ) and a ratio 
of mineral to organic mattei of 2 . 3, knowing the volume ot the 
sewage and consideiing the amount of matter retained by nil Hi 
basins, etc , estimates an amount of suspended nuiUei mjusil to 
1/1000 the volume of the sewage The limiting values he 
states as 1/750, fiom a rather concentrated sewage 1 , to I/HOOD, 
where water is liberally used. Tins conesponds to 0.07(i 
to 0307 cu in of dried material pei gallon (033 to 1 33 1. per 
cbm ) or 1.03 to G.5S cu yds sludge 90 pei cent water per 
million gallons (3 3 to 13 3 1 pei cbm ) and 43 to 1 74 t-u. yds. 
pei 1000 persons (0 33 to 1.33 I pei cap ) daily with a water con- 
sumption of 264 gallons (100 1) pei day With an assumed 
average of 1 to 1500 for normal sewage the last two values would 
be 33 2 cu yds of sludge per million gallons (6.71 1. per c-bin.), 
or 0.88 cu. yds. per 1000 peisona (0 67 1. pei capita) per day. 

These values agree well as to the contained moisture wit h t he 
figures of Imhoff (Pioceedings of the Royal JUapmrnent Ntalinn, 
Vol. VII) in which, from many analyses of sludge in England 
and Germany, the amount of dned material in sewage \\as 
established at 2 1 oz. (60 g ) per capita per day, when including 
storm water but not industrial wastes. This value gives, with 
an amount of water in the sludgo of 

95 per cent 2.1X20=42 oz. (006X20 = 1.2 1.) Kludge por 
capita per day. 

90 per cent 21X10 = 21 oz. (0.06X10 = 0.6 1.) sludgo ;jpp 
capita per day 

SO per cent 2.1X5 = 10.5 oz. (006X5 = 03 1.) sludge per 
capita por day. 

We may approximate the same result by assuming an amount, 
of suspened matter of 17.5 to 35 grains per gallon (300 to 600 
mg per 1 ), as is the rule with city sewage in Germany. With u 
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specific giavity of 1 1 we obtain 12 G to 25 2 cu in per cubic yard 
(0 27 to 54 1 pei cbm ) of dned material As the larger floating 
substances aie not included in the analyses this figure should be 
somewhat greater, so that 14 to 28 cu m per cubic yaid ( 3 to 6 
1 pci cbm ) of sludge containing 90 pei cent, water may be 
expected 

In estimating these values no account is taken of a paitial 
elimination of the solid matter in the clarification plant The 
efficiency of the method of clarification is therefore to be taken 
into account. 

These methods of estimating are valueless, possibly in the case 
of giit chambers, but paiticulaily with scieening or contact bed 
treatment Here one must ti ust to experience and experiment 
It is in any case of greater value to consider experience with the 
plants of towns wheie the conditions aie similar than to depend 
upon theoieticul calculations of the sludge to be expected 
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SEWAGE SLUDGE 



The following tables give some results of the amounts of sludge 
obtained by vanous processes The figures are obtained partly 
from reports and partly by direct infoimation furnished by city 
authorities 

The amounts may be estimated per million gallons of sewage 
or per capita per day. The first method is used m towns whcie 
much of the sewage comes from manufacturing concerns, while 
the latter affords a better comparison where these are absent, 
because the different volumes of water used are eliminated. 

It is furthei to be noted that in estimating the separate quanti- 
ties the volume of sludge is usually ascertained quite accurately 
by the mark of the suiface level in the tank, by the contents of 
the vacuum leceiver or the sludge-press, or that of the diying 
bed, while, on the contiary, the volume of the clarified sewage in 
a specified period, especially in towns with combined sewerage, 
is usually not closely enough ascertained 

The lesults with these methods naturally vary greatly, especi- 
ally with bai screens and mesh screens, on account of the differ- 
ence in the size of the mesh and the spacing of the bars, but this 
is so with regard to grit chambers also, although in less degree, 
on account of the different velocities and other reasons already 
given. 

AMOUNT OF SLUDGE FROM SEDIMENTATION TANKS 
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With grit chambers we estimate 37 to 75 (average 50) 
cu yds per million gallons [75 to 150 (average 100) 1 per 1000 
cbrn.] of sewage and possibly 0.013 to 0.026 cu. yds (10 to 20 
1 ) per 100 inhabitants daily. The same figures are to be used 
for bar screens' They aie of course not correct for simple coarse 
bar screens which are only intended to keep coarse material from 
the pumps or plant The amounts for these are much less, 
although with large screening plants they increase somewhat. 

In the larger German plants the amount of sludge is fanly 
uniform. It is about 10 to 25 cu. yds. per million gallons (2 to 
5 1. per cbin ) or 0.39 to 1.31 cu. yds per 1000 persons (0 3 to 
1.0 1 per capita) per day. These differences result from the 
causes already mentioned, but above all from the water con- 
tained in the sludge Therefore the places mentioned in the 
tables employing clarification by wells have comparatively large 
amounts of sludge. For example, the high figures for Langen- 
salza result from the continuous removal of fresh sludge In 
Culmsee, on the other hand, the separate system exists and the 
sewage is fairly concentrated. Preliminary tieatment by con- 
tact beds gives values similar to sedimentation, special weight 
being laid upon the greatest possible previous removal of sus- 
pended matter in order to protect the beds Subsequent treat- 
ment, which is only used with sprinkling filters, on account of the 
particles of deposit frequently washed out, naturally shows but 
a small amount of sludge. 

AMOUNT OF SLUDGE FROM SEPTIC TANKS 
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"With septic tanks the amount of sludge produced in less the 
moi e complete the septic action (Merseburg) Where the sowugo 
is chiefly domestic and without storm water, which always adds 
much mineral matter, the amount is about 13 to 0.20 cu yds. 
for each 1000 persons (0 1 to 2 1 per capita) daily, or 7 4 to 12.4 
cu yds per million gallons (1.5 to 2.5 1 per cbm ) of sewage. In 
the other case, as well as in the presence of much trade waste, the 
limit is increased to about 39 cu yds. per 1000 persons (0.3 1. 
per capita) per day, or to 17.3 cu yds per million gallons (3 G 1. 
per cbm ) . Therefore many of the English cities show much 

AMOUNT OF SLUDGE PROM CHEMICAL PRECIPITATION 
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larger amounts of sludge In Halberstadt the high figure is 
attributable to the limited amount of digestion as the sludge ia 
removed here eveiy 8 weeks. 

Chemical treatment produces a vaiied amount of sludge de- 
pending upon the process employed and the amount of pre- 
cipitant used, as the latter produces a large volume of sludge 
containing much water. Thus, 1.71 grains of lime per gallon 
(100 g. per cbm ) of sewage, if the precipitation were complete, 
would give 2 2 Ibs. (1000 g ) of sludge with 90 per cent, moisture 
But often 44 Ib (200 g ) to even 1.1 Ibs. (500 g ) of precipitant 
are added separately. The increased clarification effected by 
sedimentation, possibly 75 to 80 per cent, of the suspended matter 
as compared with 60 to 70 per cent by mechanical methods, 
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results in laiger deposits of sludge In general the amount is 
25 to 50 cu yds per million gallons (5 to 10 1 per cbm ) of sewage 
The low efficiency observed at Sheffield is explained by the fact 
that one-third of the sewage there is wash water. 

The lignite tieatment, which is closely allied to chemical treat- 
ment, removes yet greater amounts of sludge, 100 to 125 cu yds 
per million gallons (20 to 25 1 per cbm.) of sewage, partly because 
a veiy watciy sludge is obtained, partly because the lignite and 
sulphate of alumina inciease the volume greatly by the absoip- 
tion of wafer At Copemck on the other hand, where the sludge 
is obtained by diymg out in the tanks to about 60 per cent 
moisture, they get 12 5 cu yds per million gallons (2 5 1 percbrn), 
or 1 IS cu yds pei 1000 inhabitants (091 per capita) daily. 

From the data given tha amount of sludge to be expected may 
(in spite of some considerable differences) be estimated with 
sufficient accuracy for a given size of plant and the ariangements 
for its tieatment and utilization 

Chemical treatment gives the gieatest amount of sludge and 
has, theiefore, been abandoned in many cases, while the septic 
tank gives the least The rule applies to all methods, that the 
more thorough the purification the greater the resulting amount 
of sludge. 



CHAPTER III 

THE REMOVAL OF SLUDGE FROM CLARIFICATION TANKS 

A well considered plan for removing the sludge from the 
tank and for its tiansport to places where further diyiiig or 
treatment is carried on, is of great importance; for upon this 
lests the efficiency of various methods of treatment Moreover, 
foul odors may in this way be minimized, if not entirely avoided, 
and laige sums of money saved, especially in wages 

The plants and their details, theiefore, vary very greatly and 
in general must be adapted to the methods of cleaning and of 
operation as well as to the topographical conditions 

The general principles to be observed in the treatment of 
sewage may be summaiized as follows. 

1 The more frequently sludge has to be removed and the 
larger its amount, the greater the attention that must be given 
to the matter and the greater the cost in any given case. 

2. The condition of the sludge which is favorable for its later 
use must not be altered to its detriment in removal. 

3. The removal of sludge must be accomplished with the leant 
possible work. 

4 This should be effected, so far as possible, without manual 
labor. 

5 The removal should be as complete as possible. 

6. With mechanical appliances it is important that all parts 
should be as simple as possible, especially movable partH, und 
that their location should be above water. 

Referring to 1, the periods of cleaning are largely dependent 
on the method employed 

The removal of detritus from grit chambers usually takes 
place after the receptacles provided for it are filled, in order to 
avoid encroaching on the waterway and preventing insufficient 
sedimentation. A daily cleaning is only required whore the 
amount removed is very large, as otherwise excessive dimensions 
for the grit chamber would be necessary, and this removal should 
then be by mechanical means. 

22 
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With mesh screens and bar screens the detritus should, natur- 
ally, be constantly removed. Here, too, the removal in large 
plants is mechanical and automatic. 

The intervals between the removal of sludge from semimenta- 
tion tanks depend on the putrefaction of the material contained. 
This is controlled by the nature of the sewage and also by the 
temperature. Therefore the sludge may remain in the tanks 3 
to 7 days in summei, 8 to 12 in winter. In chemical treatment 
these periods can be increased, especially when this method 
interferes with putrefaction. At Leipzig, e.g , the sludge is drawn 
off eveiy 10 to 20 days. 

In septic tanks the sludge should be removed at much longer 
intervals. Its storage is here the important matter. With 
small installations removal need only take place from one to 
two times a year, in larger ones very one to three months. In 
general, an infrequent removal should be aimed at, as only in 
this way can the advantage of the septic tank be fully realized, 
for the amount is diminished by long storage, as has already 
been mentioned, and it also becomes less offensive. In any case 
an increase of suspended matter in the effluent caused by the 
accumulation of deposit and a resulting increase of velocity, 
indicate the time for cleaning. Another method, and one to be 
recommended in laige plants with large volumes of sludge, is to 
draw off a part at shorter intervals during operation; while the 
mam cleaning should be done in the fall and spring, especially 
whfere it is used as a fertilizer. When the removal is made, as 
at Leeds, through plug valves at the bottom, the result is the 
thickest and most thoroughly digested sludge and an objection- 
able interference with its free flow is prevented Moreover, the 
tank is in continuous use and the sludge chamber can accommo- 
date smaller volumes (Emscher tanks) . 

The intervals between cleanings in contact beds are so varied, 
according to their construction and demands, that no figures 
can be given. 

The amounts of sludge from the different processes are given 
in the previous chapter. 

As to 2, the favorable condition of the sludge, especially the 
small amount of water contained, must not be altered in its 
removal. If sludge from septic tanks, for instance, must be 
stirred up so as to be removed by pumps, the proportion of 
water, and consequently the entire volume, is increased, although 
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the water is given off again more readily on account of its com- 
position than in plain sedimentation In biic-h cases sludge fiom 
the combined system leads to better results by drawing off the 
upper dilute layer by pumps, while the lower, settled layeis are 
excavated, as in Unna. Sludge from plain sedimentation also 
contains more moisture where the stiiring process or flushing 
pipes are used 

With the Kremer apparatus, where the sludge of the bottom 
layer contains but 85 per cent, of watei or less (as here the grease 
and cellulose particles which attract a large amount of moisture 
are removed), this preservation of the favorable consistency of 
the sludge in its removal is most important. 

Where the fine greasy material is removed separately by being 
passed through several tanks, the ability to keep it separate is 
desirable in order to woik it over into grease, or else to bury it 
wet, while the coarser portion can be dried 

3 The work of disposing of sludge can often be greatly 
lightened by an intelligent use of the land. The places for drying 
sludge should therefore be located as low aa possible in oider to 
permit of its discharge from the tanks by gravity. This is 
especially desirable where the tanks aie elevated above the sur- 
rounding land on account of an unfavorable soil for foundation 
and giound water (Rheydt) or where the entire plant is on 
sloping ground (Siegen). 

Much may also be gamed by a favorable arrangement of the 
ground plan of the separate parts, such as tanks, sludge wells, 
pumps and beds and apparatus for drying sludge 

As sludge containing much sand does not flow so readily and 
therefore demands a steeper slope in the bottom of the tank 
and in the pipes, it is advisable to place a good grit chamber for 
its interception. The suction of the pumps will then be moi e 
efficient and eiosion lessened. 

Much labor can be saved by forethought in designing the 
tanks for the removal of sludge The use of mechanical appara- 
tus, such as will be described later, will be of advantage m 
certain cases. 

4. In spite of the large numbers of bacteria in sludge (over 
11,000,000 per c.c were found in one English examination of 
fresh sludge) the number of pathogenic germs is small. There- 
fore there is but little illness among the employees of these plants 
that can be traced to them. There is, however, some possibility 
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that the germs of contagious diseases in a city may exist in the 
sewage and sludge in large numbers until they are sufficiently 
disinfected 

For this reason, and because the exhalation from the sludge as 
it putiefies, as it almost always does in summer, are detrimental 
to the health of the workmen, their personal contact with the 
sludge should be avoided The high wages required to get this 
dirty and unpopular work done can also thus be saved 

5 When portions of putrescent mateiial remain in the tanks 
after the removal of sludge, the fresh sewage entering becomes 
contaminated and in a few hours septic. The bubbles of gas which 
form in septic tanks cause particles of sludge to rise and then pass 
out in the effluent or adhere to the contact beds, which may be 
inseited subsequently, hastening the process of sludging. In 
this connection all devices foi drawing off the sludge from below 
the surface, and whose proper operation, therefore, cannot be 
obscived, should receive caieful supervision. 

Foimerly but little weight was attached to this matter in 
England, and as the outflowing liquid became putrescent and 
earned off laiger flakes of suspended matter, plain sedimentation 
tanks were abandoned in favor of chemical precipitation. 

If particles of sluclgo remain foi any length of time in the tank 
they become compacted and their loosening and removal, per- 
haps by flushing nozzles or by Stirling, always becomes more 
difficult 

G It is unnecessary to point out that the principles applicable 
to all hydraulic work that of providmg mechanical details of 
the greatest simplicity and strength and locating their moving 
paits HO far as piacticable above water are especially important 
in dealing with sewage and sludge One favorable quality in 
sewage is to be noted' that the contained grease acts in many 
cases as a lubiicant on the moving parts with which it comes in 
contact 

REMOVAL OF DETRITUS FROM GRIT CHAMBERS 

Detritus is most frequently removed by suspending operation 
and cleaning it out with a shovel by hand after the sewage has 
been pumped off. For this purpose it is necessary to divide the 
grit chamber. A further division is sometimes made in the effort 
to maintain the most favorable velocity for depositing the mineral 
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mattei by changing the flow of sewage by operating or cutting 
out the different units 

In smaller plants the deposited material is often collected in 
buckets set in a steeply sloping pit and these are lifted out by 
cranes Larger plants are often provided with bucket ch edges. 
These can be stationary provided the bottom has a steep slope 
(1 1) toward the dredge, but the movement in a vertical direction 
must be sufficiently great for it to be taken entirely out of the 
sewage after being used. This is necessary to avoid obstruction 
to the current of the sewage and to pi event the rusting of the 
beaiings In order to provide a steeper slope to the end walls 
with a greatei length to the grit chamber it is advisable to pass 
the chain for the buckets ovei two pulleys, as in Figs. 1 and 2, as 
is done in Manchester. With a shallow pit the dredge must move 
horizontally. Sharp angles between bottom and side walla 
should be avoided, as these will not be reached by the dicdge and 
facilitate deposits of decomposing sludge Cleaning may then 
take place during operation, as at Fiankfort and Elborfelcl. 
With very fine sand this may cause trouble, as it will be stirred up 





4f 



Fioa. 1 and 2 Arrangement for cleaning gnt chamber. 



and washed out by the dredging. For this reason the dredge 
was abandoned at Marburg In place of the bucket-and-chain 
dredge a clam-shell dredge may be used, but, in order to prevent 
injury to the bottom, only when the plant is not in operation 

On account of the depth of detritus in grit chambers its 
removal by pumps or steam ejectors, a* was attempted at Dttssel- 
dorf, is not feasible, as the sand is mixed with water which then 
has to be again separated. At Merseburg, on the other hand, a 
Wegner patent portable suction pump was successfully employed 
which will be spoken of later. ' 
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The mechanical devices for the removal of detritus from mesh 
screens and bar screens, which are usually an intrinsic part of 
the plant, will not be particularly mentioned here. Fuither 
particulars may be found in Dunbar's "Principles of Sewage 
Treatment" 1 and Schineitznei's "Clarification of Sewage" 2 In 
smaller plants the cleaning is usually done by hand with rake or 
spade. 

Contact beds are taken apart for cleaning, and the material 
freed from deposit by rinsing or washing by hand or by machines, 
such as are used foi gravel niters. 

REMOVAL OF SLUDGE PROM TANKS, WELLS AND TOWERS 

The question of removing sludge from tanks, wells and towers 
in sedimentation plants or from chemical piecipitation tanks is 
of great importance. It is a question involving much larger 
volumes and also a moie frequent removal made necessary by 
these methods of clarification. 

We may make a distinction at this point between (a) removal 
with interruption of operation, and (b) removal during operation. 

a REMOVAL WITH INTERRUPTION OF OPERATION 

In this method the tanks are allowed to remain quiet for 
tanks are almost always used in this method for 1 or 2 hours 
after cutting off the supply. The clarified liquid above the 
sludge is then discharged into the outfall through an outlet con- 
ti oiled by gates or stop-planks. With a fixed overflow weir 
there is sometimes a special by-pass channel with a controlling 
valve. The turbid liquid which then remains in the tank above 
the sludge must usually be drawn off by pumps or a vacuum 
receiver, and conveyed to the influent conduit for a second clari- 
fication. Where there are several tanks it can be brought 
through a sufficiently deep connecting channel to a clean empty 
tank, in this way saving some cost. This tank is then filled with 
unsettled sewage and the process continued. 

The drawing off of the turbid liquid must be done in such a way 
that it ia removed as completely as possible down to the under- 
lying layer of sludge without stirring this up. For this purpose a 

1 "Clarification of Sewage," by Dr. Ing Rudolph SchmeitBner. Translated by A Elhott 
Kimberly Ene News Pub Co , N Y , 1910 

1 "Prinoiplea of Hewage Treatment," by Prof. Dr Dunbar. Translated by H, T Calvert. 
J. B Lippincott Co , Phila , 1008. 
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movable weir, of which there are vaiious types, may be used, or 
channels at diffeient levels, such as aie patented by the firm of 
Geigei in Kailsruhe, and have been furnished by them for Elber- 
feld Heie there is a diuru whose casing is peifoiated by short 
spii al slits placed behind an iron plate with a vertical slit set in 
the wall of the tank The liquid is giadually drawn off to lower 
levels by the rotation of the drum containing the slits which 
oveilap those m the plate at different elevations. 

The same result is secured at Mumch-Gladbach by a pipe 
which can be telescoped. At the upper end this has been en- 
laiged like a funnel to secure a broad overflow and so avoid 
uneven disturbances. 

At Copenick the emptying of earth tanks having a capacity 
of about 3,440,000 gallons (1300 cbm), is accomplished eveiy 
3 to 4 weeks in 2 days by 8 pipes of 5 85 in (15 cm ) clear 
diameter placed at different elevations These lie in a wall 9 ft 




PIG 3 Floating arm for drawing off supernatant liquid. 

10 in (3m) long, which also serves as an overflow weir, and are 
closed by iron flap valves set at the ends on the water side at an 
angle of 43 degiees These are closed by the pressure of the 
sewage and can be opened by chains from above. This simple 
device has proved very efficient. 

All these aiiangements, however, necessitate careful watching 
during operation. This is rendered unnecessary by the floating 
arm devices which were first used m England. 

Here there is a circular or square pipe attached to a fixed 
horizontal one, which can be swung in a vertical plane (Fig, 3). 
The upper end is always kept 8 to 10 in (20 to 26 cm ) below 
the surface of the sewage by one or two floats. Consequently 
the sewage is only drawn off from the top layer. At the same 
time the opening being submerged prevents floating substances, 
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such as scum and grease, from flowing off The same purpose is 
sometimes served by a protecting box fastened between two 
floats (Fig. 4) or a floating scum board which cuts off a portion 
of the tank m which the floating arm is located and which moves 
m two grooves in the sides of the tank 

A valve is inserted in the horizontal pipe to legulate the dis- 
charge In order to draw the sewage from the tank more evenly, 
the pipe leading to the valve may be divided into two branches 
which drop to each side of the tank (Fig 4). 
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FIG 4 Double floating arm 

In employing a vacuum receiver for the removal of the turbid 
liquoi the introduction of a well for this liquid is advisable, as 
this renders the effluent independent of the intermittent opera- 
tion of the apparatus. 

In wells where there is not room for such a floating arm, which 
must be longer owing to the gi eater depth, a hose may be used 
which can be lowered by a chain as the sewage is drawn down 
(Harburg), or the suction end of which is kept submerged by 
floats. In general there will be found no necessity foi special 
devices in wells for the removal of the turbid liquor but the 
sludge pipes can be used for repairs and inspection purposes 

After the roily sewage has been removed the sludge must be 
drawn off. For this purpose a sludge sump should be provided 
in the tank, from which the pump draws off the sludge directly, 
or a sludge well should be inserted. The best position for the sump 
in tanks with the ordinary inclination is directly after the inlet, 
as most of the sludge is deposited here. In the experiments at 
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Cologne with a velocity of 1 56 in (40 mm.) per second in the 
1 1 ft (3.35 m ) long sump (which is placed at the inlet just m front 
of the regulating device for securing a uniform distribution of 
flow), about 45 per cent of the sludge was deposited, while in the 
remaining length of the tank fully 130 ft. (40 m ) only 55 
per cent, was deposited. With a velocity of 78 in. (20 mm ) 
the proportion was 51 per cent to 49 per cent , and with a veloc- 
ity of 0.156 in. (4 mm ), 70 7 per cent in the sludge sump and 
29 3 at the bottom of the tank (Fig 5) At the same time such 
a location of the sump prevents a silting-up of the cross-section 
and gives to the bottom of the tank an inclination toward the 
inlet favorable to effective sedimentation. On account of the 
opposing cunent of the sewage, however, the flow of the sludge 
is retarded 
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FIQ. 5. Deposition of gnt In grit chambers. 

While it was formerly thought to be advisable in constructing 
sedimentation tanks to place baffle walls and other impediments 
to the flow of the sewage in order to promote clarification, more 
recent methods aim rather at preventing detrimental currents 
and at removing the sludge as simply and economically as 
possible. For this reason the ground plan should be regular in 
shape and above all sharp angles and corners should be avoided 
from which it may be difficult to remove the sludge 

Earthen tanks are not advisable for thorough sedimentation, 
as they require frequent cleaning and, even for experimental 
plants a lining of cement or planks (which have been found 
serviceable in Bremen) should be employed. Otherwise the 
clarification tank must be used for sludge drying as well, as the 
muddy bottom would be removed with the liquid sludge In 
drying sludge in tanks, too, it is well that the sub-soil should 
have some marked characteristic, such as a light color. Above 
all, it is impracticable to provide a tank with a natural bottom 
of sufficient slope to convey the sludge readily to the sump. 
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This mcie detail is of particular value in tanks, for it is a 
disadvantage in this type of clarification chamber that the 
sludge must be removed separately from a large surface, and in 
cleaning by hand must be pushed to the sump by wooden or 
lubber covered scrapers With the frequent cleaning necessaiy 
in sedimentation tanks this results in a great deal of labor and 
expense. It is, moreover, harmful to the workmen, who must 
of ten wade up to the knees in sludge and inhale the noxious gases 
from the decomposing material. 

The attempt is theiefore made to so construct the bottom of 
the tanks that the sludge, in pumping, will always flow by gravity 
to the pump well. 

The slope in general use, say 1-100 (Mannheim and Cassel) 
to 1 45 (Hanover) is not sufficient, for experience has shown 
that some aid by manual labor cannot be dispensed with in 
these tanks. 

For an easy, automatic flow with settled sludge containing at 
least 90 per cent of water a slope of 1 10 to 1.15 is necessary, 
depending on whether there is much sand and coarse material, 
01 whether there is a fine, fluid sludge. Such a steep slope is 
not feasible with tanks 130 ft. (40 m ) long. In some tanks a 
channel for the sludge has been built in the bottom, which grad- 
ually increases in depth and, for example, in Mannheim with an 
inclination of the bottom of 1:100, is given a fall of 1 50, in 
Munich-Gladbach one of 1 25 The attempt has been made, 
in addition to increasing the fall, to reduce the friction of the 
sludge in the deep channel relative to that spread out m a thin 
layer over the whole bottom. But even in this way it is not 
always possible to attain an automatic flow, as the inclination is 
still too small, and, moreover, on account of its fluidity, the sludge 
assumes a horizontal surface and does not flow from the sides 
into the channel and so into the sump, but spreads, rather, in a 
broad stream over the whole of the bottom. The channel, also, 
with its steep sides and curved invert, renders subsequent clean- 
ing by hand more difficult. 

To facilitate this, or, possibly, to install an arrangement for 
removing sludge which, will be described further on, the tank 
should be built with a basket-shaped cross-section, or with 
straight lines and a steep diagonal slope, but without sharp 
edges or corners 

In Frankfort-on-the-Main, to entirely avoid subsequent clean- 
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ing by hand, two sludge Humps wcie constructed in u tiink 
1358 ft (414 m) long, and the bottom had a longitudinal 
inclination of 1 10 toward these (Fig 0) The diagonal slope 

at the ends and in the middle 
was 1 3, and near the sumps 
1 2 (Fig 7) These have a 
diameter of 8 2 ft (2 , r > m ) 
Their bottoms aie conical 
with an inclination of 1 1 . In 
addition, all surfaces exposed 
to the sewage tire lined M'lth 
glazed brick 01, where this is 
not possible, as on small 
i ounded angles, with binoothly 
S diessed sandstone In this 
| way a perfectly aut omatic flow 
a of sludge toward tho sumps is 
8 secured. Moi cover, a pipe 
g for water under pressure with 
j many connections has been 
8 laid, by the aid of which a 
a thorough cleaning may be 
effected by jets, for the glazed 
g sin faces gradually become 
| c'oated with a sticky layer 
10 which inci eases the friction of 
& tho flowing sludge. 

Further attempts to divide 
the bottoms of tanks into 
separate hoppers facilitate the 
flow of the sludge and aid 
particularly in its removal 
during the operation of tho 
plant and will therefore bo 
treated of later. 

In general every plant should 
be so constructed as to abso- 
lutely prevent any deposit of sludge in the receiving chambers, 
branching channels and entrance galleries by ensuring an ample 
velocity to the stream We should endeavor to simplify the 
process by separating the sludge at as few places as possible 
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because, from the lack of suitable provisions, the removal of 
sludge from these parts of the plant can seldom be accom- 
plished without interfering with the operation. 

The next step is to effect the concentration of the sludge in the 
diiection of the pump pit by mechanical means, and thus lower 
the cost 




Fio 7 Development of cross-flection of chamber with pump pit 

In the plant at Bremen a kind of wooden sludge cai of simple 
construction is used (Fig. 8). This is about 14.8 ft. (45 m) 
wide and runs by means of flanged iron wheels on substantial 
planks which project about 4 in. (10 cm.) above the wooden 
flooring with which the shallow tank at that place is provided 
Those shallow tanks, which are about 65.6 ft. (20 m.) wide, are 
therefore divided into 4 longitudinal stripe corresponding to the 
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width of the car The car has an adjustable squeegee on the 
forward side provided with a stnp of rubbei and IH ilisiwn b\ a 
rope fiom the effluent end to the sump at the inlet Tho A\ nul- 
lass is turned by the engine which operates the dredge, and n.s 
the lope runs over a guide-pulley it can be Ubecl for all four tanks. 
The leturn movement is accomplished by another \\n-o lope 
which is drawn by a movable windlass operated by hand Tln.s 
motion could have been effected by the engine already mentioned 
if the lope were led through guide pulleys around (he tank, u,s 




ffubber Sirip 
Fia 8 Cur for removing Hludgo (Hrfmen ) 

customary with steam plows which are driven by one onjjmo 
To move the car across the end of the tank and for lifting across 
the wall separating two tanks, four wide rollen* aro used which 
can be inserted or removed by means of screws. Although 
where there is an accumulation of sludge, the car must inuko 
seveial trips, yet 78 to 92 cu yds (60 to 70 cbm.) of HludRO can 
be lemoved from a large [commonly 32,300 sq. ft. (MOO HM m )1 
and nearly horizontal tank, by two men in one day, while fur- 
merly it requued nine men for perhaps three days to do tl,i 
Moving the car acioss of course makes it nocowuy for the nioii 
to get into the tank, but this is only at the offluont end whero 
there is little sludge and occupies but little tamo 

* J!^ h *" ^ e oo a o V ided at B lton by ^Mtnioting in eacli of tho 
shallow tanks, 328 ft (100 m.) long, a sludge-pushing car (Fig. Q) 
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which, on account of the nairow width of the tank, serves for 
the whole cross-section It is said that all the sludge in the tank 
can be removed in 15 minutes. It is doubtful, howevei, if the 
sludge can be removed by this apparatus without also drawing 
off the upper layer of sewage, for the wateiy sludge, on account 
of the slight difference between its specific giavity and that of 
the sewage in a full tank, would piobably rise in front of the car 
and flow ovei it, aided by the current induced by the motion. 
This cannot happen with an empty tank on account of the density 




Fio 9 Ashton-uppumtufl for removing sludge from shallow taukn (Batton ) 

of the sludge with its contained water. With a rounded cross- 
section of the tank such an apparatus, modeled after a canal- 
cleaning car, could be used and could be driven by a light movable 
windlass, preferably run by electricity The whole construction 
could be made much simpler and lighter by having the rope 
attached to the squeegee at several points The question of a 
gain in efficiency depends upon a uniform cross-section for the 
entire length of the tank. 

&. REMOVAL OP SLUDGE DURING OPERATION 
1. CONSTRUCTION 

The somewhat costly and troublesome process of removing 
sludge during a suspension of the flow led early to the devising 
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of ways and means for simplifying and cheapening the wmk by 
continuous removal Wells were first considcicd for this purpo.se, 
because the comparatively small sludge tank, especially in 
chemical precipitation, which was then in general use, with ils 
large volume of sludge, required frequent cleaning, while ita 
form offered the fewest difficulties to continuous loinovul. 

Its principal advantage is in avoiding the costly icmoviil nf the 
turbid sewage, which in most places must be diawn off by pumps 
from tanks as well as from wells, and especially where l.he process 
necessitates frequent cleaning this is an important consideration. 
Moreover, the entire plant can be in use, while otheiwise to avoid 
overloading it must be constructed of greater size m order to 
allow for those parts which lie idle during cleaning. It etui be HO 
designed, moieover, that only the dried sludge in exposed, 
provided closed pipes are used and the drying is done by a 
mechanical process described later on, so that the demands of 
hygiene are more completely met and foul odors aio almost 
eliminated But even if sludge is dried in the open air this 
method offeis gieat advantages, especially if the places for 
drying aie at some distance from the treatment plant 

A disadvantage m most plants cleaned during operation lies 
m the fact that their sludge contains a greater amount of watci , 
not less than 95 per cent. 

Where it can be utilized in this wet condition without further 
transportation or where ample areas for chying with favorable 
sub-soil and location are available, this matter is of leas import- 
ance. 

In those plants, on the other hand, where the drying or hand- 
ling is done by machines whose size would have to be increased to 
correspond to the gi eater volume of sludge, one should consider 
whether the increased efficiency will pay for the grantor outlay. 
As this manner of removing sludge always requires a material 
that will flow, it must often take place before it has fully settled, 
It is therefore especially adapted to thorough sedimentation, 
that is, where the clarified sewage is discharged to the stream 
without subsequent treatment and consequently must not be in a 
putrescent condition The sludge shows an easily flowing con- 
sistency when it contains a small amount of grease, although it 
contains but little water. The Kremer apparatus is therefore 
particulaily well adapted to the removal of sludge during opera- 
tion, because we have with it the separation of the fats and cellu- 
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lose which are found in the paitly clarified upper stratum of the 
liquid, while in the lower pait we have the descending sediment. 

It goes without saying that one can never predict with cer- 
tainty icgardmg any of these details that all the sludge will be 
removed, and hence that there is no more putrescible matter 
present. 

Removal of sludge during operation is effected either by the 
construction of the plant or by the introduction of some special 
mechanical device. Sometimes both of these means are em- 
ployed. 

A favorable concentration of the sludge at the bottom should 
be aimed at in the design. This end is most frequently attained 



S/udgre ~i^r 

_ y * iv.u 
Pipe 
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with wells. As alieady mentioned, these are almost universally 
ananged for the removal of the sludge without pieliminary 
emptying. With their comparatively small dimensions it is 
usually easy to give the bottom such an inclination that the 
sludge will flow by itself toward the suction pipe of the sludge 
pump at the center. A slope of 2 : 1, as is found in the so-called 
Dortmund tank (Fig. 10) and which is also used in England, 
suffices for all cases. A slope of less than 45 degrees, as in the 
sludge well constructed in the clarification tank at Frankfort, 
will permit a slippery sludge to slide off if submerged. The 
angles between the vertical walls and the conical base should 
receive especial attention, as experience indicates that the sedi- 
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ment in the sludge settles here This can be prevented to a 
certain extent by rounding these corneis 

Naturally, the degiee of roughness of the bottom helps deter- 
mine the slope In large plants it is well to make experiments 
with the sludge which comes from the sewage to be treated, 
unless the slopes have been detei mined by leliable experiments 
with different kinds of sludge on diffeient surfaces fiom which it 
slips off by its own weight ' 

It should furthermore be noted that in course of time a sticky 
coating is deposited on the smooth surfaces, reducing their 
efficiency very considerably especially in the case of smooth 
enameled or glazed surfaces and those of glass and that their 
cleaning necessitates a cessation of operation. 

The cone formed at the bottom of the wells corresponding to 
the natui al slope of the earth will not suffice f 01 a free removal of 
the sludge. 

It has been shown by experiments of Schoenfelder at Elberfeld 
that a steeper slope is lequired to secure an automatic sliding of 
the sludge if removed under water than if the supernatant liquid 
is first drawn off, and that special precautions should be taken in 
the process Here it was observed that the sludge was deposited 
in horizontal layers not of uniform thickness, paiallel to the 
bottom. When the sludge was drawn off at the deepest point a 
funnel was formed After this the sludge failed to slide, although 
having a slope of 1 -3, but this did occur immediately after draw- 
ing off the supernatant sewage. The explanation of this is that 
the difference in weight between the saturated sludge and the 
turbid sewage above is too slight to overcome the friction of the 
surface at the bottom and of the surface in contact with the 
turbid sewage; for the weight of the sludge is reduced by that of 
the displaced sewage, while in the case of empty tanks the 
weight of the sludge becomes effective. The funnel mentioned 
gradually closed in. again under water so that in a half hour it 
was always smooth and horizontal. 

This was confirmed by experiments at Cologne. Here the 
sludge was to be pumped from under water out of sumps having 
a slope of 1 1. It soon appeared that after a few minutes only 
water came out, which found its way through the compact sludge 
near the suction strainer and carried with it only a few frag- 
ments of sludge which it was able to dislodge This, which is 
also confirmed by practice and experiments elsewheie, proves 
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that, the lemoval of sludge under water and without stirring up 
the deposited material is only practicable befoie the sludge is 
finnly settled in place. The composition of the sludge is of 
importance in this connection as the greasy mateiial forms a 
light but firm mass, while sludge from septic tanks which is kept 
in motion by frequent paitial removal, as in the Emscher tank, 
and, by the gases rising from it, can easily be icmoved dining 
operation. 

In these plants, which, as is known, are a combination of 
short sedimentation tanks, with septic chambers below, the 
difference in quality between the fresh 'and septic sludge is 
taken into account by giving the floor of the upper part a slope 
of 1 1/2 1, and in the most recent structuies this is covered with 
glass plates laid on reinforced concrete suppoits to lessen the 
friction Such precautions are necessary in oider to induce the 
settled sludge to slide down in thin layers to the lower chamber 
as soon as possible. 

As the experiments of Grimm (which led him to introduce 
sedimentation plates in the tanks) have shown, this is promoted 
by the fact that colloidal inattei has a marked tendency to foim 
a gelatinous coating by friction, 01 even by contact, with a solid 
body. This is then set in motion on the steep surface by gravity, 
and in rolling down carries with it the particles of sludge which 
are in the way. In order to convey the septic sludge, which 
fills the lower tank in a great mass, to the sludge pipe a slope 
of 1 : 2 is sufficient, to which may be added a flushing pipe to be 
described later. 

The many other forms of wells which have been constructed 
in view of the particular end to be reached, and especially for 
chemical precipitation in all its different phases, more particularly 
with reference to the introduction and distribution of the sewage, 
are subject to the same principles regarding the removal of 
sludge as the Dortmund tank, given as an example The same 
IH true of the short, shallow tanks, having the base constructed as 
a pyramid, with sides sloping at 45 degrees or more in order to 
facilitate the removal of sludge. The advantage of this form is 
made evident by the simplicity with which the desired purpose is 
effected. 

The attempt has also been made in various ways to remove 
the sludge from the ordinary long shallow tank while in use. 

In Thorn the bottom of a tank fully 65.6 ft. (20 m.) long and 
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pei haps 26 2 ft (8 m.) wide, having sides with a slope of low 
than 45 degrees was divided for this pui pose into 4 pai ts (Fig II) 1 
by constructing saddle-shaped division walls, from the lowest, 
point of which the sludge was led under water pressure to tho 
sludge channel which was used in common for two tanks. 

A similar solution by the use of hopper-shaped bottoms has 
been employed by Schoenfelder at Elbeifeld (Fig 12), but thoir 
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Fia 11 Sedimentation tanks at Thorn. 

dimensions have been made quite different for the following 
reasons As the laigest amount of sludge settles in tho first 
quarter of. the tank, as was observed in the Cologne experimontu, 
the last hopper-shaped compartments, if the tank were composed 
of compartments of equal size, would require very much longer 
to fill with the fine sludge than the first ones in which the coarser 
constituents weie settled out. In this way a separation of the 
sludge according to its composition was effected This is 
particularly valuable because the fine sludge, on account of the 

1 Kg Ills taken from Salomon's " Die Stadtuaohe AbawasHerbflaeitigung in DeutsohJand," 
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light weight of particles of fat, contains the most grease and 

can later bo manipulated HO an to separate this out, while the 

coarse sludge, on account of the small amount of grease, can be 

drained more quickly and easily. For this reason the sludge 

tank at Elberfeld is divided for the puipose of receiving these two 

kinds of sludge, without, however, any 

use being made of the device as yet. 

Another advantage is that the hoppeis 

for the fine sludge can have less slope, 

on account of its greater fluidity, at 

least in the upper portion, besides being 

of smallei dimensions. Experiments 

with a model demonstrated that less 

slope was lequired for the concenti ation 

of the sludge under water, while a steeper 

one was required to avoid the formation 

of funnels while foicmg it out. Theie- 

foie steeper hoppers were inserted to 

ensuie a removal of the sludge 

The easiest way to measuie the height 

of the sludge in wells and tanks is by |J P^ | 

lowering a sheet iron plate attached in SIM I 

a horizontal position to a measuring 
chain. By the increased resistance to 
the vertical movement of such a plate 
in sludge in comparison with water one 
can determine with sufficient exactness 
the height of the sludge by reading from 
the chain. 

It is not sufficient to concentrate the 
sludge at one or more points under the 
sewage, but it must also be delivered, 
and herein lies a particular difficulty 
in the removal of sludge during oper- 
ation. 

The delivery of the sludge can be 
accomplished 1. by suction with pumps, vacuum receivers or 
similar apparatus in the same way as in its removal during 
suspension of operation; 2. by drawing it off by the aid of 
hydrostatic pressure, either toward a deeper channel or sludge 
well or, under pressure, through a rising main, so that it is dis- 
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charged but a little below the level of the suiface of the sewage 
in the well or tank. 

The insertion of a sludge well in making use of vacuum appa- 
ratus is of advantage, as in this way a unifoim flow of the sludge 
is procuied and fluctuations of the flow resulting in the entram- 
ment of laiger amounts of water, as may leadily occui by the 
intermittent operation of such an arrangement, may be avoided. 
Moreover, this peimits observation of the amount of water con- 
tained in the sludge delivered from plants to which it is adapted; 
which is otherwise only possible at the end of the nsmg mam, 
and as this is often at some distance from the clarification plant, 
it is impracticable 

In forcing sludge through a rising main there should be a 
difference in elevation of 2 6 to 3 3 ft. (0 8 to 1 m ) between the 
suiface of the sewage and the dischaige end of the pipe with 
ordinary settled sludge. With the Emscher tank this should be 
increased to 5.0 ft (1.5 m.) Here two flushing pipes are pro- 
vided for water under pressure of which one, forming a ring, is 
perhaps at the elevation of the connection between the cylinder 
and the conical base, and, with its orifices directed downward, 
is intended to assist the sludge m sliding down the gentle slope of 
the base. The second terminates opposite the entrance to the 
sludge pipe in a loop with three orifices directed toward the 
center. This serves as a supplementary aid and to start the 
flow in case large masses of grit should collect there As a failure 
of such plants is usually through refusal of the sludge which has 
accumulated in the pipes during a cessation of operation to flow 
after opening the valve, it is advisable to provide the sludge pipe 
with a branch pipe from the water main, as has been done with 
the Emscher tanks, so that the pipe may be filled with water 
after each emptying of sludge and the remaining sludge forced 
back to the tank. By means of these pipes positive action can 
be secured under difficult conditions, as the author can testify. 
The use of the two last-mentioned pipes is always "well where 
there is difficulty in forcing out the sludge, especially in large 
plants where there is almost always water under pressure avail- 
able for flushing purposes. The sludge pipe should always be 
as straight as possible, avoiding sharp curves, which cause a loss 
of pressure. 

In conveying sludge under pressure where the operation is not 
continuous, care should be taken, in starting it^B movements, to 
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avoid the formation of the funnels already mentioned. For 
although the watei exerts a uniform pressure on the neaily 
hoiizontal surface, the vertical column of sewage ovei the pipe 
entrance will be set in motion by the sudden opening of the 
valves and will then settle and so increase the height of the 
column above. This, with the fiiction of the masses of sludge 
on the bottom and sides, helps in the formation of a funnel. 

This can be effectively prevented by a device called a sludge 
cylinder (German Patent) of the Company for Sewage Purifica- 
tion (Berlm-Schoeneberg), which can be attached to their 




Fia 13 Kromor apparatus 

Kramer apparatus (Chai lottenburg) (Fig. 13). The bottom of 
the tank converges to a hopper having an inclination of less than 
60 degrees with the horizontal,, and is continued as a cylinder 
2 ft. 7 1/2 in. (0.8 m.) in diameter, in which the sludge is collected. 
The sludge pipe ends at the bottom of this cylinder,, and through 
this the sludge is removed by hydrostatic pressure The forma- 
tion of funnels with the resulting discharge of sewage is not 
possible in the narrow cylinder, so the sludge, which contains 
comparatively little water in the Kremer apparatus (80 to 85 
per cent.) is removed from the tank without change in its favor- 
able composition. 
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2 MECHANICAL CONTRIVANCES FOR REMOVING 

SLUDGE CUBING OPERATION 

These mechanical devices may be classified as follows: 
1 Those which, by stirring, mix the required amount of 
water with sludge that is not adapted to coutmuoiw removal, 
or at least assist in initiating its movement. 



To ihe Air Pump 
-7v ihe Pipe -for Draining 
ihe Sludge off Wrter 




Swage Influ nf-l> 



FIG 14 Stirring device and skimmor in sedimentation tower In tho 
lignite process 

2 Those which collect the sludge at certain points, from 
which it may be readily conveyed. 

3 Those which, without materially affecting its settling, 
draw the sludge off from the place where it has been deposited. 

The stirring devices of the first category act in oppoHition to 
the principle laid down at the beginning of the section, that the 
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consistency of sludge should not bo detrimentally altered in 
removal, and are therefore to be avoided as much as possible. 
They are sometimes installed later if the sludge does not flow of 
itself on account of too flat a slope in the bottom. If lemoval 
takes place dining suspension of operation, the height of the 
stirring device above the bottom should be adjustable from 
above, so as to be always in contact with the top layer. (Wells 
at Mainch, Ncustadt O.-S ). The chief occasion for theii use is 
in the towers used in lignite tieatment, as stirrers can only be 
used in wells or towers. They are commonly provided with a 
device for maintaining a light contact with the sludge surface 
and aie kept continuously in slow motion (Fig. 14). The flush- 




FIQ. 15 Slumming Apparatus and sludge tank in tho Kramer apparatus. 

ing pipes with water under pressuie, already mentioned, as well 
as an angemcnts for securing the flow of sludge by compressed 
air, should be included heie. Stirring the sludge is said to pro- 
mote its digestion in Emscher tanks, but disturbs uniform set- 
tling in sedimentation tanks. 

Arrangements for concentrating sludge are based upon the 
same idea as the apparatus described for use during suspended 
operation, but the construction may be lighter as the volumes of 
sludge to be disposed of on account of more frequent removal 
are smaller and do not offer so much resistance. In an experi- 
mental Kremer apparatus at Charlottenburg a simple surface 
scraping apparatus was found serviceable in a square tank with 
a flat bottom. The apparatus (Fig 15) consists of a scraper in 
the shape of a board which can be turned on its upper edge 
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Fia 16 Bpiral shaped sludge collector (Fidlor 




FIG 17 Sedimentation tank (Candy system) with rotary sludgo 
discharge pipe. 
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duimg its reveise motion This scraper is operated by two 
vertical lods which are attached to a small four-wheeled car 
lunning on lails placed over the upper edges of the tank and 
moved by hand 

The scrapei in the stirring device of the lignite process towers 
operates in the same way, and for wells having a very steep base 
a scrapei composed of a vertical scraping boaid which forces 
down the particles of sludge adhering to the walls may be found 
useful. The motion, which can be transmitted by geaiing, 
should be veiy slow in this, as in the following apparatus, to 
avoid the formation of detiimental currents 

The patent sludge collector of Fidler works by collecting the 
sludge by a rotaiy motion and can be installed in wells having a 
flat bottom It is also used at Bolton in a long i octangular tank, 
whore several such appliances are placed side by side. On 
account of the dead coiners some supplementary hand labor 
is required, howevei. As shown in Fig 10, the sludge gatherer 
consists of a spiral-shaped iron band which is set in motion by a 
hand-opei ated gear and which sweeps the sludge to the centei, 
fiom which it is drawn off by suction or forced out, as illustrated 
in the cut Twelve large wells on this system have lecently been 
installed at Bury. 

The arrangement in the third categoiy consists of a perfoiated 
pipe laid close to the bottom and connected with the sludge pipe 
and into which the sludge is forced by the pressure of the water. 
A rubber squeegee can be attached to this pipe which scrapes the 
slu'd&e from the bottom. Fig 17 shows sucli a pipe in a well of 
the Candy system. This is also connected with a wall scraper. 
Motion is derived from a gear-wheel operated by hand. The 
same principle applied to a shallow tank is shown in Fig IS, 
repicsenting a plant in Heywood. The perforated pipe is guided 
heie by two rack rails into which the pinions conveying the 
motion engage. The sludge is here laised up by a siphon over 
the side wall and into a channel which is common to two tanks 
A pressure of 3 ft. (0.90 m.) is sufficient. The Hiphon is started 
by cutting out the upper part by the valves a and 6 which is then 
charged with a pump operated from the same platform as the 
moving machinery The horizontal suction pipe is provided 
with a rubber squeegee. A disadvantage in this form is that 
important moving parts of the machine are submerged. 

These contrivances for removing sludge require for reliable 
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operation a liquid, easily flowing sludge and must therefore be 
cleaned out every day, or at least eveiy two days. The sludge 
obtained contains about 97 per cent of moisture, as tho turbid 
sewage finds its way to the entrance more readily than the sludgo 
is diawn off from the bottom. With a pipe which rotates about 
a cential axis it follows that the motion is slower near the center 
of the tank, while the fiiction is reduced on account of the short 
length of the pipe, therefore moie sewage is taken in heio. AH 
this sludge, with 97 per cent of moisture, has twice the volume 
of that with 94 to 95 pei cent in the Dortmund tank when in 
operation, with the same amount of dried matter, the use of thin 
method of collecting sludge is seldom to be recommended 
Besides, with a larger proportion of mineral matter, as often 




Era 18 Movable eludgo discharge pipe for sedimentation lanka. 

occurs aftei a thunder storm, the operation is more difficult, and 
uncertain In the Fidler system this is not the case. As sludge 
containing less water is seemed here, while its delivery remains 
the same, this should have the decided preference. 

While the aim of all these stiuctural or mechanical arrange- 
ments for removing sludge during operation is to collect tho 
material in clarification tanks, or at least to draw it from theno 
directly, there are some which enclose it in a special chamber or 
compartment without lemoval of the supernatant sewage, the 
intention being to prevent subsequent admission of the turbid 
sewage and its mixture with the sludge and to secure the latter 
as free as possible from moisture. 

It is well to consider here the introduction of a partition wall 
with a valve (sluice gate) leading into the sludge chamber which 
has been found ^valuable in the Kremer apparatus at Charlotten- 
burg (Fig. 15) and has also been used in similar plants by the 
Sewage Purification Company This'permits a discharge of the 
accumulated sludge with no fear that the turbid sewage will pass 
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out with it The sludge can bo diawn off from IKMO, in which 
case 11 pipe for the admission of air should bo inspi tod from the 
sludge tank to above the suifaco of the sewage, or it may be 
foiccd out by the introduction of compi eased tin 1 . 

(irimm ((.frtiiindhats Imjcmeur, 1909) attempts to apply the 
foiegoing piinciplo to shallow tanks in a Homcwliat different 
way. The bottom is divided into hoppers 10.70 sq. ft (1 sq m ) 
in area with wide slopes of 45 degiees, fiom whose lower points 
vertical pipes lead, each row of which is connected by a trans- 
verso pipe (Fig. 19) The sludge slides into these pipes, winch 
have a diameter of 3.9 to 5 9 in. (10 to 15 cm.) and may increase 
in size at the bottom, and its separation is facilitated by hoods or 
plates, according to Travis' theory, through which the water is 




Fid 10 

forced out The height of the accumulated sludge can be 
observed for each transverse row of hoppers in a glass stand pipe 
connected with the sludge pipe at the traver.seablo sludge pas- 
sage-way. 1 When the depth is sufficient, the tops of these 
sludge pipes tiro closed by plugs carrying an air pipe reaching 
above the surface of the sewage and rendered ae.censiblo by a 
movable foot biidge. When the valve of the sludge pipe at 
the passage-way is opened, tho sludge is discharged by gravity 
or suction, while air enters by means of tho aforesaid air pi pen 
through tho plug valves. When the sludge is drawn out and tho 
gate valve closed the pipes will fill again with turbid sewage by 
opening tho plug valves and are then ready to receive sludge 
once more. By this arrangement, if tho plug valves are tight 
enough, the subsequent entrance of turbid sewage IH prevented; 
that is, a dry sludge is secured by allowing it to accumulate in. 
a thick layer. By providing a steep elope in the cross pipes the 

1 la the divialon wall between the tanks. Trans. 
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flow will be facilitated In order to realize all advantages, 
however, this plant leqmres conscientious superintendence 

A company for the purification of water and sewage at Nou- 
stadt a d. H has a patented device called a sewage preparer 
which prevents the sludge, that has accumulated in the sludge 
channel of a short tank having steep slopes on each side, from 
passing through the tank with the cunent, by a series of hori- 
zontal shutters operated from above This is said to reduce 
the friction m continuous treatment and facilitate sliding. If 
the shutters are laid flat they shut off the sludge channel on tho 
side of the tank, leaving an entrance only at the upper end. By 
opening the gate valve sludge will be forced out of the channel 
by the pressure of the sewage above, as though from a tube. 
It is doubtful, however, whether the shutters in the lower part 
of the sludge-filled tank can be closed tightly enough to prevent 
the tmbid sewage from mixing with the sludge in large quan- 
tities, especially in the neighborhood of the outlet, as tho moving 
parts are mainly under water and cannot be constantly watched. 

c.. CONTRIVANCES AND CONDUITS FOR CONVEYING SLUDGE 

Vaiious contrivances have been employed to remove the grit 
from clarification tanks in case the sludge cannot be forced out 
by the pressure of the sewage above. These aie: 

1 Dredges. 

2. Pumps. 

3. Vacuum apparatus. 

4. Various other contrivances. 

1. As already remarked, dredges are chiefly used to clean out 
grit chambers The transport of the material in large plants 
is often accomplished by belt conveyors. 

Dredges should not be used to remove sludge from clarification 
tanks, especially during operation, as a thorough cleaning with 
them is not possible. It is also better to use other contrivances 
in sludge wells, on account of the dirtiness of the operation 

2. In using piston pumps the great difficulty encountered is to 
keep them water-tight, as they soon become worn out by the 
sand brought in. The valves, also, often interrupt operation 
and should therefore be placed where they are readily acoensible. 
Hence it is an advantage to have a good grit chamber for the 
protection of the pumps. It is also to be noticed that in very 
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sandy sludge the suction hft is reduced, so that pumps and 
vacuum apparatus must bo placed lower Coarse bar screens 
are also necessary with all kinds of pumps, to prevent pieces of 
wood 01 other coarse mateiial fiom injuring the pumps. If these 
coarse screens are placed in the tank in fiont of the sludge 
channel or sump, as at Mannheim or Munich-Gladbach, the 
umount of the scicemngs will be less, because much of it, especi- 
ally lumps of fecal mattei, disintegrate in the tank; but their 
removal from the bottom is less cleanly and more troublesome 
It is advisable to install a sludge well where the sludge is not 
removed during continuous treatment, as the pumping plant 
may then be made smaller without increasing the time of re- 
moval With a very viscous sludge it is of advantage to have a 
stn ring device operated in connection with the pump 

Diaphragm pumps, such as those furnished by Bopp and 
lleuther of Mannheim foi the claiification plant at Hanover, are 
Huperioi to oidmary piston pumps and are also much used else- 
where. Ileic the piston woiks in clean water, which conveys 
the pressure thiough diaphragms to the sludge which is to be 
delivered. 

Centrifugal pumps are also well adapted to the transport of 
sludge, but it is important that the impeller should be accessible. 
With sandy sludge there is a great amount of wear on the packing 
rings They are particularly serviceable in "pumping roily water 
because of their simple design, especially when operated by elec- 
tricity. By means of connecting pipes they can also be used for 
reserve power in pumping sludge. 

For small plants and as a reserve in those where sludge is 
propelled by hydrostatic pressure, the well-known diaphragm 
pumps are very useful 

3. With a vacuum apparatus it is well to connect two receivers, 
so that the air drawn from one will serve to force the sludge from 
the other, which was previously filled. The air pump must 
therefore be arranged to aot as a vacuum and force pump. 
Tho operation of the valves is then automatic. To prevent the 
sludge from running into the air pump a U-shaped pipe should 
be inserted between it and the receiver, the top of which should 
be at least 33 ft. (10 m ) above the highest level of tho sludge 
Vacuum receivers are especially necessary where, from absence 
of grit chambers and screens, much coarse material is mixed with 
the sludge. They may also be used to propel the sludge for 
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long distances. In Oppeln the sludge in toieed SIMM) ft (1 100 in.) 
in a pipe 12 m (300 mm ) in diameter They, ho\vo\er, oecupy 
more space than pumps 

TJie patent Wegner vacuum wagon woiks on the sumo principle 
as the vacuum receiver. Here, in a portable receiver \\hieh 
can be used to transport the sludge, the air is rariliod by ex- 
ploding benzine, causing the sludge to be sucked in This 
apparatus is especially lecommended for use with very snuill 
plants wheie, because of the proximity to impioved propeity 
or public works, it is desirable to have an odoiloss removal of 
the sludge without the necessity of constructing a special plant 
for pumping it As the receive! can bo brought to any lank or 
well, the cost of sludge pipes is saved The removal is also odor- 
less. This mode of operation has been found voi v satisfiielon 
at Meiseburg In some cases the pneumatic apparatus used fur 
cesspool cleaning can bo used in the same way. 

4. The steam ejector, among other contrivances, should be 
mentiojicd next. This has not been found useful in cleaning 
grit chambers on account of the consistency of the detritus. 
This difficulty might not hold in the case of the liquid sludge 
from tanks, but the disadvantage of the largo consumption of 
steam outweighs the advantage duo to its simple construe! imi 
and the small amount of room taken up In sewerage svslonih 
in which the sewage is lifted by compressed air their use may bo 
considered. 

In the recently installed plant at Hiegen an effort WJIH made ID 
convey the detritus of the grit chamber which lies ut a high 
elevation, by moans of a horizontal spiral screw delivering iulo 
a tip car at the outlet end, without interrupting operation tif ihe 
plant, but as yet without success. 

Sludge pipes should always be accessible on ae.comit of the. 
liability to stoppage, and should, therefore, not be endowed in 
masonry for any great length. It should, moreover, be poHsiblo 
to produce a strong scouring current by water pressure or by the 
aid of sludge-propelling devices. Homotim.es an open traversabin 
channel between the tanks, in which the pipes are laid (Klberfcld) 
or into which the short sludge pipes open from the side (Munich 
plant at Guben and Ohrdruf), serves as a sludge channel. This 
has the advantage, where sludge is removed during operation, 
that one can see the amount of water removed as soon as it 
comes out and act accordingly. The advantage of the possibility 
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of usinj" a pipe which opens into the sludge-well as a siphon to 
produce auction is, howcvei , lost 

The open channels to convey the sludge to the diying beds, 
which are intended to be used in the day tune, should have the 
maximum hydraulic radius in ordei to i educe the fnction. 

The inclination which should be given pipes and channels to 
secure a flow of sludge without assistance depends upon its 
nature and should not be too light Veiy liquid sludge, with 
about 95 per cent of watei and but little sand, may undei some 
circumstances be given a slope of 1 100, but 1 80 is better 
For sludge obtained with interrupted operation a fall of 1 40 
to 1 50 is necessary The plants of the Emscher Association 
have grades of 1 20 to 1.40, while the pipe conduits at Elber- 
feld have 1 30 

Enclosed pipes are always pieferable to open channels for 
hygienic reasons, especially for long distances. Moi cover, the 
sludge is more readily moved and deposits of sludge can be moie 
easily flushed out 

The valves in the sludge pipes should be strong and simple. 
Those which have a beaiing on one side only should have the 
operating screw on the outei side engaging in a lack on one side 
only Valves in pipes should be designed without a bottom 
groove, and should bear on the narrow edges of the disc m order 
to prevent an accumulation of coarse material which would 
prevent the valve from closing 



CHAPTER IV 
REDUCTION OF THE WATER IN SLUDGE 

The large amount of water in sludge is a drawback to its use in 
any way and reduces its value on account of the work involved in 
its reduction If it is used while wet the valueless water it con- 
tains limits the area to which it can be applied, on account of the 
increased cost of transportation Moreover, this liquid condi- 
tion adds to the difficulty of transportation, as this can only 
be accomplished in water-tight vessels, and temporary storage 
m the field is impracticable without much preparation and 
apparatus. 

With perhaps 75 per cent, of moisture it can be loaded with a 
shovel and does not require a perfectly water-tight vessel 
With 60 per cent, of moisture it is quite firm and resembles damp 
garden mould. It should therefore be reduced to this condition. 

Fig. 20 shows at a glance the relation between the amount of 
water removed and the consequent reduction of volume The 
curves represent sludge of different degrees of original moisture, 
volumes in per cent, of that from which the water has not been 
extracted being represented by ordinates, while the abscissas 
represent the degree of de-watering in percentage of moisture 
contained in the whole. The horizontal line limits the volume 
of the dried residue, which remains constant The distance of 
the curve from this line gives the amount of water contained in 
the sludge. 

It can be seen here how much water should be removed to 
reduce the amount in a wet sludge by 10 per cent, and how the 
quantity of water necessary to reduce the moisture to a given 
percentage rapidly diminishes. For example, from 100 Ibs of 
sludge containing 90 per cent of water (Fig 20) 50 Ibs. of water 
must be removed to reduce it to 80 per cent , while reducing the 
same original volume from 60 to 50 per cent, requires the removal 
of but 5 Ibs., and from 30 to 20 per cent only 1 8 Ibs 

A comparison of the different curves shows by the steep slope 
on the right hand side that is, at the commencement of de- 
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watering how important it is for subsequent drying and> treat- 
ment in general to have the sludge as diy as possible from the 
beginning, for the increase in the water content of the sludge 
ooricspondmg to an mciease of, say, 5 per cent of moisture, 
has a varied effect, according, as we obtain a sludge containing 
80 per cent instead of 75 per cent or sludge of 95 per cent, 
instead of 90 per cent moisture. This is also of importance in 
considering the arrangements for treating the sludge described 
in the last section. 
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On the other hand, it is recognized that drying beyond 50 per 
cent , at. least with the very wet sludge from tanks, has but a 
slight effect on the reduction of volume, and for this reason alone 
further de-watermg is not warranted. 

For example, sludge originally containing 95 per cent, of water 
has, when dried to 60 per cent , but 1/8 of the original volume, 
and so the cost of transportation is correspondingly lessened, 
and the extent of its use as a fertilizer is increased, as the amount 
of dried material, which alone is of value, remains unaltered 

The following requirements should be observed in the process 
of de- watering. 

1. The drying should not involve too great an expense, so that 
the expected increase in value of the product is not lessened. 
This may be accomplished by removing the water, by incinerar 
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tion, for instance, thus facilitating its transportation and a moie 
lational utilization 

2 It should be effected lapidly, especially when done at the 
plant or in the neighborhood of habitations, in order to avoid 
accumulations of filth 

3 The operation should produce no nuisance in the neighbor- 
hood fi om foul odors or otherwise 

4. Handling of the sludge by workmen should be avoided, for 
reasons ah eady stated 

The methods of removing the water are as follows' 

a Drying in the air. 

b. Drying by filter presser 

c Drying by centrifugal machines 

d Other methods of reducing the moisture. 

a. DRYING IN THE AIR 

Diying in the air is the process most commonly employed, 
especially with small plants. For this purpose the sludge is 
conducted into shallow basins These are surrounded by eaithen 
embankments or, less frequently, by slope paving, wooden sides 
01 solid walls. The drying is effected in part by evapoiation of 
the water and partly by its drainage into the underlying soil. 

If this is porous, subdrainage at a depth of about 2.3 ft. (0 7 
m.) with a small distance between the separate lines of pipe is 
sufficient. Sometimes even this is unnecessary. In some cases, 
however, an artificial construction of the bottom, similar to a 
filter, is necessary, as with the natural subsoil the accumulation of 
sludge increases, so that it becomes necessary to remove and 
lenew it. The depth of such a filter is usually 1C to 24 in. (40 to 
60 cm ). The drainage channels, about 4 to 6 in. (10 to 15 cm ) 
wide, are laid with open joints at a distance of from 4 to 10 ft. 
(1.2 to 3.0 m.) apart and aie covered to a depth of 12 to 10 in 
(30 to 40 cm ) with cinders from boilers, pebbles or coarse gravel 
A thick covering of fine cinders or screened gravel [2 to 4 in. 
(5 to 10 mm.) in size] follows this, 4 to 6 in. (10 to 15 cm.) m 
depth This layer is to prevent the sludge from penetrating 
further into the filter. As the topmost layer becomes choked 
with sludge and portions of it are carried off with the dried sludge, 
it has to be renewed from time to time. To prevent this the bed 
may be covered with heavy stone paving, or, as at Leipzig, with 
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a layei of bricks The joints aio theii meiely filled with sand. 
As all the water diams through these comparatively narrow 
spaces they soon become clogged with sludge, and the entire 
pavement must be taken up and renewed 

The liquid drained off, which is usually somewhat tmbid, 
owing to particles of sludge, and also putiescible, may be led to 
the intake of the clarification plant and treated again As the 
volume is comparatively small, it does not alter to any great 
extent the sewage to be treated. In many cases this is impos- 
sible without long conduits or even devices for lifting it, espe- 
cially where the sludge is removed by hydrostatic pressure and 
brought by gravity in open conduits to the drying bed. In this 
case a small supplementary tank for subsequent sedimentation 
or a filter (Elberfeld) foi the sludge liquor is advisable If the 
sewage is subjected to subsequent purification by contact beds 
or sprinkling filters the sludge liquor can receive further treat- 
ment theie 

The liquor from diying beds after septic treatment requires 
no fui ther treatment and may be led directly to the outfall, being 
odorless, clear and nonputrescible, as shown by the plants of the 
Emscliei Association By this method most of the water sepa- 
rates out in the first 12 hours and the sludge floats on account of 
the expansion of the contained gases, while a layer of clear water 
is formed underneath. The 'water should be drained through 
the filter as quickly as possible, for after the gas has been given 
off, at the end of 15 or 20 hours, the sludge sinks, due to its 
specific gravity, and the water rises over it. The same phenom- 
enon is observed in the deep sludge pit at Leipzig, except that 
here the water is not drained off fiom below, but is allowed to 
evaporate after it has risen above the sludge. 

With very greasy sludge it is sometimes impossible to draw 
off the water at the bottom, as at Frankfort-on-the-Mam and 
Mannheim, as tho particles of settled sludge form an impenetrable 
layer. The small amount of water on top can then only be 
drained off in as many places as possible through openings in the 
surrounding walls, which can be closed. 

If fresh sludge is discharged on top of beds of partly dried 
sludge, as can scarcely be avoided where the sludge is seldom 
cleaned out, it will dry more slowly on account of the heavier 
liquid beneath The boundaries of the basins can be wholly or 
partially made of a sort of woven brush-work, thus obtaining a 
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lateral removal of the watei through these boundaries (Elber- 
feld, Halberstadt). Nevertheless, the efficacy of this mode of 
diaming the sludge is gieatly diminished by the fact that the 
rapid delivery of the water through the brush and the influence 
of the air in drying the accumulation of deposited matter at the 
sides soon make a neaily impervious layer, because the moisture 
does not come rapidly enough fiom the interior. At Halber- 
stadt, therefore, it is not considered advisable to retain this 
device. 

At Bremen the basins were subdivided for this purpose by 
pei f orated planks, between which narrow passages were left for 
drawing off the liquid that leaked through and for removing the 




FIG 21. Sludge beds of the ReckEnghausen Qanfioation Plant 

dried sludge, but this device was removed because the sludge 
found its way through the holes, making its handling more 
uncleanly, without resulting in a more rapid drying. 

If this is to be accomplished the sludge should be brought 
into the basin in thin layers, 6 to 10 in. (15 to 25 cm ) in thickness, 
and the basin should be filled as rapidly as possible, in order 
that the free removal of the water at the bottom may not be 
made more difficult by sludge which has had its moisture drained 
off. Small, shallow tfcnks are therefore to be preferred. These 
can be economically provided is small installations by construct- 
ing a border of planks placed on edge. In this way the excess 
area required by eartken fcEpJbanteent& is utilized (See Fig. 21 .) 
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In the cut, which shows the plant of the Emscher Association at 
llecklmghausen, the sludge running into an empty compartment 
may be plainly seen on the right Tho sludge is foiced out by 
hydrostatic piessure from 6 Emschei tanks lying beyond In 
order to maintain a uniform depth of the layers the bottom 
should be made horizontal, as the sludge, due to its fluid nature, 
assumes a horizontal position 

A disadvantage of plants with small, shallow basins lies in the 
greater cost of removing the dried sludge, as this comes in thin 
layers and necessitates frequent re-location of the rails for 
transportation, unless these are laid on an elevated trestle, as at 
ELecklmghausen. This is obviated by the use of wheelbarrows 

In selecting a location foi the diymg beds care should be taken 
that, with a porous soil, there aie no wells in the vicinity that 
can be contaminated by infiltration. 

Especial care should also be taken with reference to odors and 
the plague of flies. These nuisances have again and again led to 
attempts to replace the cheap method of drying in the air by 
others, even though more expensive 

As partial decomposition accompanies the operation of drying 
the foul odois caused by gases arising from the sludge, especially 
in the summer, give much discomfort to persons working or 
living near the plant It may even result in loweiing the value 
of land in the vicinity and cause great expense for indemnifica- 
tion Likewise the plague of flies is very troublesome in the 
neighborhood, as the fermenting sludge offers an admirable 
breeding place for all kinds of flies and gnats. 

An attempt has been made to pi event this nuisance by adding 
some substance to the sludge Such substances are either in- 
tended to stop putrefaction or else to form a cover to the sludge 

In Cassel, for example, as well as in other places, lime has been 
successfully added to the sludge in the basins and at the outlet 
in the proportion of 6 8 Ibs per cubic yard (4 kg. per cbm.) The 
nuisance of flies is done away with in this way, but, at the same 
time, the fertilizing quality of the sludge is reduced. In Frank- 
f ort-on-the-Main, however, the addition of quick lime and chloride 
of lime has not had the desired result 

Peat is found particularly deshable as a covering, and also to 
prevent odors, besides aiding the process of drying by absorption 
of the water It is used in many places, especially where it is 
cheap In order to prevent putrefaction it should be intimately 
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mixed with the sludge in large quantities This is not prac- 
ticable, however, for economic and hygienic i canons 

The use of manufactuiecl deodoiants, of which there are 
seveial, is more desirable. 

Among these "facilol," made by the tar product factory 
"Biebuch" at Biebnch has been found effective It in a thin, 
biowmsh, light oil with a specific gravity of 79 It forma a 
coherent film of oil when placed upon water, which closes imme- 
diately if broken by gas bubbles or sudden currents, pro von ting 
the escape of odors About 28 pei cent, of facilol is composed of 
soluble substances of the phenol group, the effect of which IH to 
prevent putrefaction in sludge and sludge liquor The eggH and 
larvae of insects are also killed by it, while, at the same time, the 
covering prevents the insects themselves from obtaining their 
food 

The facilol is sprayed upon the surface of the sludge immedi- 
ately after its entrance into the basins by a spraying device. 
The film of facilol is maintained intact by subsequent spraying 
at long mteivals. According to infoimation furnished at Frank- 
fort 0.11 to 18 gallons of facilol per square yard (0 f> to 8 1 
per sq. m ) of smface will suffice The pi ice is about $2 If) per 
100 Ibs. (20 m. per 100 kg.). This mode of deodorizing, theio- 
foie, though efficient, is rather expensive. 

As the intensity of the odors increases with the area exposed it 
might be well to put the sludgo to be dried in aw deep pits an 
possible whose bottoms have been drained, and this has, in fact, 
been tried. The crust of dried sludge which forms at tho top 
prevents the evaporation which assists to a considerable, extent 
in the reduction of water. Openings in the crust permit the air 
to enter but a shoit distance. In consequence, the process of 
drying and also the nuisance of foul odors, which cannot bo 
prevented by subsequent treatment with liino or peat, last for 
years 

Only when natui al pits exist, as at Leipzig, in the shapo of an 
old river bed, and then at some remote point, can this method of 
drying be used. Moreover, the difficulty of convoying the do- 
watered sludge partly offsets any saving consequent to dispens- 
ing with an artificial drying place. 

Odors and the nuisance of flies may be considerably diminished 
by the means above mentioned so that the conditions are more 
tolerable for the employees at the plant 
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In general, however, it is prefeiable to remove the drying place 
fiom the plant when the neighboring land is occupied, unless a 
method to be descnbed later be adopted, and to so locate it that 
it will not be a nuisance to the neighborhood Land of little 
value can be used for this puipose and may be correspondingly 
extensive. Sludge conduits 3000 ft. (1 km) or moie in length 
have been used for this puipose in Germany Closed pipes should 
be used preferably. In selecting a place the prevailing wind 
should be considered that it does not blow from the drying beds 
toward built-up areas. 

Drying beds for septic tanks do not require the same restric- 
tions, as there are no odors where the sludge is properly digested 

The time required for drying, and consequently, to a certain 
extent, the size of the sludge beds, depends. 

1. On the composition of the sludge. 

2 On the character of the soil or the construction of the bottom 
of the basin 

3. On the atmospheric conditions. 

4 On the method of operation of the sludge basin 

The composition of the sludge, and in particular the amount of 
moisture contained, deteimmo to a gieat degree the length of 
time necessary for drying For example, 1 3 cu yds (1 cbm ) 
of sludge containing 95 per cent, moisture must have 198 gallons 
(750 1 ) of the water removed before obtaining sludge with 80 
per cent, moisture, as is found with septic tanks A fine, greasy 
sludge gives up its moisture less readily, and under some cii cum- 
stances is very difficult to dry; while a thinner and less compact 
sludge has the opposite characteristic and gives up its moisture 
easily. The gianular, fluid septic tank sludge, as well as that 
from lignite treatment, has this favoiable quality. The de- 
posited sludge from the Kremer apparatus is easily de-watered 
as it contains so little grease. 

A basin with a porous base may be of less size than if compact 
If the bottom does not promise fiee percolation it should be 
arianged as an artificial filter. Care should then bo taken to 
clean or renew the covering layer frequently. 

As evaporation has a marked effect on the drying, this takes 
place more rapidly in summer. A sunny or windy location is 
also favorable to drying. 

To secure the best results drying should take place quickly- 
on an ample area The sludge should therefore be distributed in 
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thin layeis about 6 to 10 in (15 to 25 cm). A rapid loss of 
water through the subsoil occuis, and the ciacks caused by drying, 
plainly seen in Fig 21, permit the air to pass to the underlying 
strata Sludge shiinks in diying to from 2 to 3 to 1 to 2 its 
original volume. A fresh layer can then be admitted on the 
dried layer. 

Sometimes the sludge is dried directly in the settling tanks 
These must then be thrown out of seivice for some time, as by 
this method evaporation does most of the work. The time uwod 
for drying lignite sludge in this way at Copenick is from 3 to 4 
weeks. There is a project for the adoption of a similar method lit 
Neustrelitz ("Mitteilung d. Kgl Pruf. Anstalt," Vol VI). The 
size of the necessary basins prevents its use where these are fixed 
01 where theie is insufficient land. Special beds for this puipo.sp 
are always desirable on account of the greater rapidity of drying. 

Different intervals are required for drying, depending upon the 
different conditions mentioned above. As already stated, the 
septic tank combines the most favorable of these conditions. 
The length of time required for frying by the Emscher Associa- 
tion, e g , averages 5 days with favorable weather only one or 
two days. Sludge taken from the septic tanks at Halberatadt at 
intervals of about 8 weeks requires 14 days for drying in good 
weather In both cases it is received in thin layers. In contrast 
to these are those plants where sludge is delivered to the sludge 
basin to a depth of 2 3 to 3.3 ft. (0 7 to 1.0 m ). The process of 
drying here usually takes from 6 to 9 months. 

In general, normal settled sludge with about 90 per cent, water, 
requires some 6 or 8 weeks in summer and 6 months in cold 
weather. 

The size of sludge basins can be estimated from- the amount 
accumulated daily and its average time for drying, allowing a 
certain time for the removal of the dried material. Both factors 
are subject to great variation with different processes and plants 
for reasons already given, so that an estimate based upon these 
figures would have no practical value. As a guide for the area 
required for drying, the following table, showing the size at 
different plants, is given; for a great nuisance may result, as has 
been shown by examples, where these are made too small, while 
too large an allowance results in too great a cost, especially in 
the neighborhood of high-priced city property. 
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The size of drying beds is governed by the amount of sludge 
which accumulates during the time required for drying, the 
reasons for this time being given. 

There is a gieat difference, theiefore, between the size required 
for plain sedimentation and that required for septic tieatment. 
Imhoff gives in Vol VII of "Mitteilung dor Kgl Vcrsuchsan- 
stalt" the following rules foi size, based upon his observations 

For septic tank sludge 275 sq. yds per cubic yard (.'300 qm 
per cbm ) daily of sludge received, and therefoie foi an amount 

3 X300 



of 0004 cu yds (0.3 1 ) per capita daily, 0.12 sq yds . 

about 1 qm ) per capita 

For sludge from plain sedimentation 458 sq yds per cubic yard 
(500 qm. per cbm.) daily of sludge received, and therefore with 
.0016 cu yd (1 21 ) of sludge per capita daily, 72 sq. yds. 

12X500 ._ 



The latter values agree with the table, while the foimcr appear 
too high, so that with septic sludge about 183 sq yds of drying 
surface will be necessary for 1 cu yd of sludge per day (200 qm. 

per cbm) and 072 sq. yds ~' =000 qm ) pci capita. 



This shows cleaily the advantage of septic tanks as compared 
with plain sedimentation, both on account of the smaller amount 
of water contained and the smaller amount to bo evaporated. 

The values in the table naturally indicate marked differences 
in different cities. This is due in part to the different methods 
of treatment and handling and partly to the fact that tho oper- 
ation of drying beds where space is limited must bo much moi o 
intensive than where the opposite conditions obtain, m which 
case the sludge remains longer than necessary, until it is con- 
venient for the farmers to remove it. 

An estimate of the size of sludge lagoons baned upon the daily 
flow of sewage would result in yet greater differences and is 
therefore not given, 

& DRYING BY FILTER PRESSES 

De-watering sludge by filter presses was first tried in England 
a,bout 30 years ago, and was soon in general use there Tho 
large volumes of sludge which resulted from chemical precipita- 
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tion, then in genei al use, and the odors from these plants which 
were especially unpleasant in thickly populated districts, led to 
a lapid spread of this method of diying In default of other 
methods its disadvantages were willingly overlooked. 

In Germany, also, sludge presses are found almost exclusively 
in plants where chemical piecipitation is or has been employed, 
except m the lignite process, which should be included heie. 

Filter pi esses consist of a large number of thin cells, usually 
about 2 3 to 3 3 ft (0 7 to 1 m.) square and 2 in. (0 05 m ) thick 
According to the design of the separate parts which compose 
these cells they are called cell presses or frame presses. In the 
former the paitition plate between two cells is provided on each 
side with lims projecting about 2 in (5 cm.) (Fig. 23) so that the 
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Fio 23 
Cell prosa. 



edge of adj acent plates by coming in contact form a hollow space 
between. In the frame presses these plates are of uniform thick- 
ness (a) and to form the cells a fiame is inserted between two 
plates (b) This forms, at the same time, the narrow walls 
of the cell (Fig. 22). These plates or partitions in the cell press 
are provided with numerous grooves opening below into a 
horizontal hole (c) which serves as a channel for the liquor 
pressed out Over these plates are placed sieves, and over these 
filter cloths are stretched, or possibly the latter only (d) are 
provided, so that in filling the cells with sludge the surplus water 
will pass through the cloth and run down the partition plates in 
the grooves. It then leaves the press through the ducts (c). 
The separate plates are supported by lateral projections on 
horizontal bars and are pushed together by hand. The water- 
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tight contact is then accomplished by means of a sciew or by the 
plunger of a hych aulic press. The influent channel (e) lies either 
in the uppei edge 01 the middle of the plate In the foimer 
case, the sludge can be introduced at several points by flexible 
pipes, while in the latter it must be done at the middle of the 
fiont plate 

In frame pi esses the filter cloths are simply hung over the 
entire fiame so that they covei both, sides and aie clamped at 
the edge by the adjacent frame In cell presses, on the con- 
trary, the edges of the cloths laid in the recess between the plates 
must l)e made water-tight in a special way The filter cloths 
are rapidly destroyed by rotting, which is most active at the 
top of the solid plates, as the damp cloths are here always in 
contact with the air. Saturation with tar at this place pio- 
longs their life, which is generally about 4 weeks. 

The frames may be made of iron or wood. The latter is 
preferable foi sludge presses, as iron rusts easily from acids that 
may occur m the sludge The number of plates varies, but 
oO, each, of plates and frames would be the maximum. 

The dehveiy of the sludge and the necessaiy pressure of 3 to 8 
atmospheres for pressing can be provided by a sludge pump or 
compressed air. The sludge pump can work directly on the 
press, as eg., at Halle A relief valve must then be inserted in 
the sludge press pipe which permits the surplus sludge to pass 
off from a fairly full press, where, therefore, only a small amount 
of sludge, as compaied with the volume of the liquor drained 
out, can be received. This surplus sludge, as well as that remain- 
ing in the pipe after filling, then flows into a special sludge well 
and is the first to be pumped out before refilling During the 
emptying of the press, which lasts from 10 to 30 minutes, the 
delivery of sludge from the well must cease. 

Otherwise we may provide a sludge receiver (Spandau), 
which is filled by the sludge pump while discharge takes place 
by air pressure The sludge receiver can be filled by suction 
and the contents then forced out into the press by air pressure 
This method permits uninterrupted operation by installing two 
receivers, side by side, as already described for propelling sludge 
The presses can be operated to greater advantage by the use of 
sludge receivers. Therefore this method is always to be pre- 
ferred for large volumes of sludge to the slower method of filling 
the presses with a pump The employment of a stirring device, 
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particularly with long, extended receivers, is not desirable or 
necessary, as it is impossible to euppoit the shaft properly by 
means of intermediate beaiings. 

To empty the presses [which yield an average of about 2 6 
cu yds. (2 cbm ) of sludge cake for each filling] the frames aie 
pushed apart The sludge then drops into a tip-car placed 
below, or into a channel The contained moistuie is reduced to 
about 50 or GO per cent. Further drying in the air should be 
given the sludge in covered chambers, as otheiwise it decom- 
poses, especially in wet weather. If allowed to he foi any 
length of time in the open it is well to cover it with a layei of 
earth or sod to pi event objectionable odors 

Emptying presses is a dirty opeiation, and in summer, espe- 
cially, it produces very foul odors which can only be prevented 
by thorough ventilation of the press chambeis Watei under 
pressure is absolutely necessaiy for linsmg purposes Some- 
times the filled presses are allowed to stand seveial hours after 
filling, even 12 hours in Obeischoenenweide, to give more con- 
sistency to the sludge 

As settled sludge is never very firm, the advantage in chambei 
presses that the contents fall out when they are opened, while 
frame presses require subsequent cleansing by hand, is offset 
by the difficulty in fastening the filtei cloths Frame presses 
are therefore to be preferred for pi easing sludge. 

The liquor diained from the pi ess is very putrescible, and to 
be clarified should be brought to the influent conduit again or 
should be used in irrigation. 

Sludge fiom domestic souices that has been obtained by 
mechanical processes cannot be pressed. A large part of the 
finest particles of this veiy watery sludge passes through the 
filter cloths, robbing the sludge cakes which remain behind of 
theii binding medium, so that when the press is opened, the 
sludge is found in an incoherent mass Greasy 01 slimy sludge 
may also prevent pressing by clogging the cloths Sludge from 
septic tanks, on the contrary, can often be pressed without any 
further treatment, if it has not lam too long in the tank The 
same is true of sludge from the lignite process, which is almost 
always successfully de-watered by the filter press Chemical 
precipitation, however, is the principal treatment for which 
sludge pressing is used, as the precipitants employed render the 
sludge cakes cohesive. 



68 SEWAGE SLUDGE 

A dose of lime is necessaiy to make an unfavorable sludgo 
capable of being piessed 84 Ibs pei cubic yaid (5 kg per 
cbm ) is sufficient, 01 5 per cent of the dried matenal in the 
sludge This addition is also sometimes necessaiy aftei chemical 
piecipitation Of t the English cities, Choiley adds 8 4 Iba , 
Blackburn 8 4 to 13 5 Ibs , Buiy 10 1 Ibs per cubic yard (5 kg , 5 
to S kg and G kg , lespectively, per cbm ) to the sludge obtained 
by alummo feme as precipitant. " With greasy deposits thcHO 
amounts must often be increased. At Willesden it is 37 Ibs , 
at Colchester 47 and at Eahng even 84 Ibs per cubic yard (22 kg , 
28 kg and 50 kg per cbm., respectively), in order to secure 
hard cakes, which can then be mcmeiated 

The necessity of adding some substance to obtain a sludge that 
can be pressed has helped to ictain the use of chemical piecipita- 
tion in England, foi it is more reasonable to use lime in the 
claim" cation piocess than to add it meiely for pressing The 
addition of lime reduces the cost of pressing, but increases the 
total cost of claiification Dunbar gives an excellent example 
of this (Leitjaden fur die Abwassei eimgungsfi age) In Wim- 
bleden, by using lime and iron piecipitants, 8 5 tons of sludge 
cake per million gallons of sewage cost 53 4 cts per ton (2 long 
tons per 1000 cbm. cost 2 51 M. pei long ton) foi pi easing, or 
about $4 50 pei million gallons (5 M. per 1000 cbm.) of sewage 
By adding lime this was reduced to 30 cts per ton (1 08 M. 
per long ton). But 12 7 tons per million gallpns of sewage (3 
long tons per 1000 cbm ) of pressed cakes were obtained, so that 
the cost of piessmg per million gallons of sewage was as high 
as before. The cost of the additional precipitant was included, 
in addition to which 1 1/2 times the volume of sludge was ob- 
tained. The questions of cost and increase of sludge are to bo 
considered in increasing the precipitant, for it is not reasonable 
to add precipitants merely to flecuie sludge which can be preened 
without increasing the clarification. 

Sometimes veiy greasy sludge refuses to take up the lime, and 
de-watermg must be accomplished in some other way. ThiH haa 
been the case in sevei al English cities 

In Frankfort-on-the-Main, too, the filter pi esses have been 
abandoned, for it was found on opening the presses that, even 
with great pressure, only the layer next the cloths had boon 
de-watered and caked,while the middle of the chamber was full 
of liquid sludge, A satisfactory result was only obtained after 
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adding 9.5 Iba (4 3 kg ) of sulphate of alumina while, at the 
sumo time, lientmg the pi ess This mci cased the cost to $1 00 
per cubic yaid (550 M. per 1 cbm ) of sludge, lendermg any 
practical use of the method piohibitory. 

The cost of pressing 1 ton of cakes obtained from 5 8 cu yds 
of watery sludge ui English plants, including interest and smiting 
fund chaiges, is, accoi cling to Sc-hiele, SO 42 1/2 to $1 28 or an 
average of about 85 cts. (1 long ton fiom 5 cbm. sludge, 2 00 to 
6 00 M or an average of about 4 M ) . Reichle and Thiesmg 
give for the same amount about $0 49 (2 30 M for 1 long ton) 
as the cost of piessmg under Geiman conditions, assuming the 
cost of the press at $1785 (7500 M ) and amoitization at 5 per 
cent. But an extra dose of lime is not included. This last 
estimate assumes the most favoiable operation of the pi esses, 
so that the puce per ton of pressed cake in Geimany may be 
taken at about 03 1/2 cts to 85 cts. (3 to 4 M. pei long ton). 

For the addition of lime, usually in the form of milk of lime, in 
England, a tank is inseited between, the sludge pit and the sludge 
holder by the presses, in which the sludge lemains quiescent for 
a short time, sometimes for several days, after the dose of lime 
has been added. 

With modern plants it is seldom necessary to resort to presses 
for de-wateiing The advantages of the short time and the 
limited space required for diymg as compared with diying in the 
an , are offset by the greater cost. The nuisance due to foul odors 
is reduced, but not entnely eliminated, and the workmen have to 
come into contact with the sludge to a considerable extent. 

The lignite process is accompanied by a minimum of offensive 
odors and as it is more favorable. for pressing on account of the 
addition of chemicals, this method has been retained heie. 
These plants are paiticulaily adapted for use in thickly populated 
distiicts on account of their arrangements, such as the complete 
enclosure of the sewage dining clarification in towers, etc The 
greatest impoitance naturally is attached to a quick removal 
of the water, the occupation of but little room, and a piompt 
disposition of the sludge, which is in this case effected by in- 
cineration 

c. DE-WATERING SLUDGE BY CENTRIFUGAL MACHINES 

The disadvantages of filter presses led to experiments with 
other mechanical appliances for de-watering sludge. Drying by 
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centrifugal machines, such as are used in laundries and bleach- 
cries, seemed to pi omise the best results 

The water that is diawn off by centrifugal force from tho 
mateiial to be dried passes out thiough the sieve-like sides of the 
rotating drum. 

This piocess did not, however, give the hoped-for results. In 
the first place the finer particles of sludge were thrown out. 
through the perforated or cloth-covered sides. In the .second 
place the heaviei portions were thrown against tho sides of tho 
drum by the centrifugal force so compactly that after a while no 
more water could penetrate it 

Sludge is so disintegrated by the centrifugal action that the 
heavier portions the mineral ingredients go to tho outside. 
The organic materials come next in concentric layers, while tho 
liquid portion remains in the middle with tho grease on its surface. 

This behavior of the sludge led to the construction of ti 
centrifugal machine similar to those used in milk separators, 
with a solid shell, the water being led off as by a siphon. This 
method required a long time, as was demonstrated by experi- 
ments at different places (Spandau, Frankforfc-on-tho-Main, 
Mannheim. In Spandau with sludge from tho lignite process, 
30 to 45 minutes). Besides the solid ring of sludge collected ut 
the shell had to be cleaned out by hand with a spoon-shaped 
instrument at the end of each period of operation. 

In experiments made with such a machine at Chemnitz, 
furnished by the Haubold machine works of that city, U c.u. yds. 
(2 5 cbm.) of sludge was de-watered in about 10 minutes from 
90 per cent, to 45 per cent, or 00 per cent, reduction of moiHturo 
as described in Schmeitzner's "Clarification of Sewage." It 
required b 1 h. p 

An attempt was made to circumvent tho dirty, slow and un- 
healthy work of cleaning, which prevented its adoption in largo 
plants and, in addition, lessoned the efficiency of tho machine, by 
introducing a bottom which could bo lowered and the automatic 
ejection of the sludge The cost remained high, however, on 
account of the length of time required, although as to the quality 
of the product, tho results secured wore satisfactory. Tho 
addition of 1 per cent, of lime to bind the grease, thus improving 
the material to be ejected as well as the liquid effluent, was found 
useful. 

The entire process can only be of practical use if tho wet sludge 
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can be brought in and the dried sludge removed automatically 
without stopping the machine, while i educing the time required 
for the work. 

These conditions have been fulfilled by the Hanover Machine 
Co , formeily G Egestorff, at Hanover-Linden, in a centrifugal 
machine placed on the market as the Schaefer-ter Mecr System 
(German Patent) which was constructed after many experiments 
by Director ter Mcer in conjunction with City Engineer Schaefer, 
Frankfort-on-the-Mam 
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Two of these machines have been in use in Harburg, four in 
Hanover and six in Frankfort. 

As this system has been found of practical value for some time, 
we will consider its operation in more detail. 

The part of the apparatus which collects the sludge while 
throwing off the remainder, consists of six radial chambers, having 
a rectangular cross-section (Figs. 24 and 25) , one radial side of 
which is formed by a sieve-like plate This has slits 4 in. 
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(10 inm.) long and 010 io 024 in (0 4 to 0.0 mm ) wide The 
chambers arc cloned on the inside and outside by slide valves and 
have a capacity of about 1 to 10 cu. ft. (.'i 1 ) ouch. 

The process of ejection is as follows the wet wludgo flows from 
a receiver placed at a higher elevation through the central inlet 
pipe into the chambers while thc.se are in rotary motion. Tho 
inner valves are thereby opened and the outer valves cloned. 
The heavier paiticlcs of sludge are now tin-own against Uio outer 
part of the chambei, by which action the watei IH foiced inwaid, 
partly by the compression of the mass and partly because of its 
lighter weight, and flows out through the sieves to the sui round- 
ing water chamber. From this it pusses through whorl pipes into 
a circular gutter and thence to tho outlet (Kig. 24). 

Sludge takes the place of the water tin-own off until the chamber 
is quite filled with the de-watered material. The inner ring 
valve is then closed preventing the admission of any more Kludge, 
and the entire mass is then whirled around for a period depending 
upon the composition of tho sludge. Tho outer valves then 
open and the dried sludge is thrown out by the centrifugal force 
It flies against the wall of tho shell, being loosened up and din- 
integrated, and then falls down and out of tho apparatus onto ti 
belt conveyor. 

Between the outer valves and the wall of the shell is a circular 
movable impact wall. This serves to intercept any water that, 
might escape during the process of ejection through the outer 
valves, which may not bo tight, keeping it away from the dried 
sludge and tho conveyor. It is raised u short time before tho 
valve is opened, to leave tho way cloar for the sludge to bo 
thrown out. 

After the chambers havo boon emptied, tho outer vtilvos clone 
again, and as the inner onen open, the chamber in again filled 
with wet sludge and the operation is repented. 

The separate movements are quite automatic and oven tho 
operation of the valves is governed through two cylinders by 
means of press oil (Fig. 2(J) which is stored in an accumulator by 
moans of a special pump. Thin also serves IIH a bearing to 
support the pressure of tlio centrifugal drum shaft, Tho ad- 
mission of the press oil into the moving cylinder is regulated by a 
regulating valve. 

The sieve surfaces are cleaned partly by the passing through 
of the dried material when being ejected, partly by special 
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sciapers which aio operated mechanically by the leguhit-ing 
appjuatus 

The ejecting drum makes 750 r. p in , corresponding to a 
circumfeientml \elocity of 105 ft (32 m.) per second. 

The length of u working period in the experiments made by 
Reichle and Dr Thicsmg at the Harbuig plant ("Mitteilung cler 
Kgl Piufungs-Anstalt/' Vol. X) averaged 25 minutes, or 35 
minutes at the most In the plant at Hanover the standard 
time is ] 5 minutes, though this may be increased to 5 minutes 
when the sludge is very slimy. 

In order to diy successfully by centrifugal force, the contents 
of the sludge should be somewhat heavier than water, as the 
entire action depends upon the stronger repulsion due to the 
gi eater specific gravity of the mateiial The fine paiticles of 
tiludgo separate themselves out fiom the sewage and adhere to 
this heavier material on account of their sticky nature Fresh 
sludge is thcret'oie easier to woik over than that which has 
decomposed, as the proportion of fine particles has increased in 
the latter by disintegration. 

The efficiency of a centrifugal machine varies according to the 
onnposition of the raw sludge 2 6 to 5 2 cu. yds (2 to 4 cbm ) 
of law sludge can bo de-watered in an hour when 20 to 33 gallons 
(75 to 125 1 ) of wet sludge is admitted to the chamber at each 
filling. 

In tho experiments at- Harburg 1 cu. yd of raw sludge with 
about 92 per cent of moisture yielded an average of 294 Ibs. 
of ejected sludge (175 kg. per cbm ) or 034 Ibs. (287 5 kg) per 
machine per hour. This contained 09.7 to 74.2 per cent, of 
moisture and the dried material contained a somewhat larger 
proportion of mineral matter than the raw sludge, but much 
ICSH grease (S 5 per cent, instead of 14.2 pei cent.). 

Tho olficioncy of tho centrifugal action, La , tho ratio of the 
actual volume of ejected sludge to the dried material in the raw 
nludge, computed on the basis of the water contained in the 
ejected sludge, ranged, m tho Harburg experiment, 40 3 to 09.8 
per cent , averaging 00 per cent. According to experiments at 
Frankfort and the above observations at Harburg, this figure 
should l)e somewhat greater. It should preferably be taken 
somewhat greater because the amount of dissolved material, 
which will inevitably reach the outlet, must be deducted from 
the dried material in the raw sludge. 
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Fully 60 pei cent of the dried material contained in sludge 
is, theiefoie, lemoved by the ceutiifugal action, while about 
40 per cent is letmned to the clanfication plant by the effluent 
and must be treated again. The volume of accumulated sludge 
is thus increased as well as the concentiation of the diainage 
water, diminishing somewhat the efficiency of the clarification 
plant 

The ejected sludge contains about 2 to 3 of the mineral 
matter and 1 to 3 of the organic mattei of the raw sludge as the 
following table, compiled fi om observations at Haiburg, indicates 

TABLE SHOWING RESULT OF CENTRIFUGAL ACTION" ON 

a One Cubic Yard of Raw Sludge 



Total weight i Water I Total dned | Aoh Organic I Grease 
HM Iba ] material Ibs. Ibs i matter Ibs ' Ibs. 



Raw sludge 


1720 


1584 ] 


134 


29 


4 


104 


S 


' 19 


1 


Ejected sludge 295 


214 . 


SI 


1 20 


1 i 


61 





! e 


9 


Effluent 1423 


1370 , 


53 


4 


7 


4S 


1 


1 





b One Cubic Meter of Raw Mudge 





Total weight 


1 Water 


Total dned 


1 Ash 


Organic < Grease 




kg 


kg 


material kg 


1 kg 


matter kg kg 


Raw .sludge 


1019 


! 939 6 


79 4 


1 17 4 


62 


11 3 


Ejected sludge 175 


, 126 6 


48 1 


1 11 9 


36 2 


4 1 


Effluent S44 


i 812 7 , 


31 3 


i 2 8 


28 5 






1 




1 







The effluent contained on an average 3.7 per cent, of dried 
material, composed of 9 to 10 oiganic and 1 to 10 mineral mattei. 

The large amount of organic matter renders it very puti escible, 
producing foul odors even during its separation At Harburg 
it is returned to the mam sewer and mixed with the sewage At 
Hanover, on the contrary, it is conveyed to two tanks which have 
been emptied These are first filled with the liquid which has 
been thrown off, which is then carried beyond in the usual manner 

If the sewage receives further treatment on irrigation fields 
or in contact beds the centrifuge effluent can be treated with it 
In large plants there may be some question of treating it in septic 
tanks, but where there is abundant water for dilution it may be 
discharged into it directly. 
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A sludge holder constructed of plate lion or reinforced concrete 
(Fig 27, uppei light hand) and piovided with a stnring device 
should be placed above every two centnfugal machines, BO that 
the mateiial i eceived may be as uniform as possible The holders 
should be large enough to contain all the sludge accumulated in a 
day, so that the tanks can be emptied of sludge independently 
of the centrifugal machine and can be leady for use again in the 
shortest possible time. 

A screen of about 4 in. (10 mm ) mesh should be placed before 
the sludge holder in case none has been piovided before the tank 
or at the pump well, to intercept any coarse material which 
might interfere with the operation 

The dried sludge falls on to a belt which passes below the 
centrifugal machine, and at Hanovei, for example, is brought to 
an elevator (Fig 27 m the background) which carries the sludge 
to a reservoir similar to a silo It has been observed, however, 
that the sludge forms a compact mass in spite of the very steep 
slope of the bottom, and can only be discharged into the car below 
by manual assistance When the plant was visited the sludge 
was allowed to fall through a gate in the bottom directly into an 
enclosed car for its conveyance, holding about 2 cu yds (1 5 cbm ) 
It is advisable, however, to omit the elevator, which requires 
considerable power, and to raise the sludge the short distance 1 to 
the top of the car by the required inclination of the belt conveyor. 
The introduction of a small hopper which can bo closed is of 
advantage in order to hold the sludge while the cars arc being 
changed. In. certain cases the car can be placed directly under 
the centrifugal machine 

The whole plant will require about 12 h. p. per machine. 

The centrifuge alone will requne about 7 2 h p. 

If a suction producer gas plant is employed for power, costing 
about 1 2 cts. (5 pfg.) per h p. hour, the cost of operating a 
centrifugal machine would be 8 6 cts. (36 pfg.) per hour, or, with 
electricity at 1.2 cts. (5 pfg ) per kw. hour, only 7 6 ots. (32 pfg.). 
This would correspond to a cost for current of 5.13 cts. per 
cubic yard (0 28 M. per 1 cbm.) of raw sludge or 35 2 eta. per 
ton (1.63 M per 1000 kg.) of the product 

The ejected sludge is of a loose, crumbly consistency and conse- 
quently dries readily Its weight is 1520 Ibs. per cubic yard 
(900 kg. per cbm). The tendency to putrefy is comparatively 
slight if it is sheltered from rain and sunshine, but it is, naturally, 
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not entiiely done away with as there still remains much organic 
matter that is not fully digested When collected in large heaps 
its temperature rises and it becomes more compact 

The centrifugal process reduces the volume of the sludge to 
about 1/6 of the original amount, when the pioduct contains 
about 55 to 70 per cent of moisture. 

The apparatus requires but little attention as the filling and 
emptying are automatic, so that one attendant suffices for two 
machines. He does not come into direct contact with the sludge, 
as the machine is entirely enclosed. 

In this way all foul odois are avoided, especially as the process 
requires the sludge to be as fresh as possible 

Drying is rapid and the sludge is soon in favoiable condition 
foi further manipulation 

The only drawback is the high cost of the plant and its opera- 
tion. The cost of the centrifugal apparatus with the stiiung 
devices and the oil pressure pump is about $5230 (22,000 M ) 
with an additional $240 (1000 M) for the motoi . Estimating, 
5 per cent for amortization and the price for electric current 
already given, and we have as the expense, including wages, 
polishing material and reserve sieves, with a maximum use of the 
apparatus, 62 cts per ton (2 87 M. per 1000 kg ) of the product 
for drying, or fully 10 cts per ton (50 pfg per 1000 kg ) more 
than with filter presses under similar conditions (See page 69 ) 

The cost of de-watering is naturally least with drying in the 
air, especially as the coat of the plant c*an be greatly reduced by 
a simple construction "of the drying beds. And although, as 
estimated by Rcichle and Thiesing, drying with filter presses 
may bo cheaper under similar conditions, this is offset by the 
necessity of adding chemicals to the sewage, which is, as a rule, 
not necessary in ordei to obtain a sufficiently clear effluent. 

The centnhiging of sludge is particularly advantageous in the 
case of simple sedimentation, where it is desirable to secuie a 
rapid reduction of moisture or where the establishment of diying 
beds is not feasible, for lack of room or other reasons. 

d. OTHEH METHODS OP REDUCING THE WATER IN SLUDGE 

Some methods will be alluded tq here which are employed 
Tor merely a slight reduction of the moisture preparatory to 
further drying, or which have not yet passed beyond the ex- 
perimental stage. 
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A part of the water may be drained off by lotting the sludge 
settle again and di awing off the roily water which has separated 
out above the sludge This can lie accomplished in sludge wells 
or in special sludge holders, such as are inserted before filter 
presses for mixing the lime, for example. Tho reduction of 
water is naturally slight, and is only worth considering with u 
very watery sludge, such as is obtained by movable conli ivances 
for drawing it off under water On the other hand, it is unreason- 
able to construct special plants for this purpose, especially as the 
veiy dirty tin bid liquid, on account of the necessity of sub- 
jecting it to fiuther treatment, is detrimental to the operation of 
the plant. Moreover, the settled sludge should not bo sloied 
without some special reason, as the freshest possible sludge is 
the best for subsequent drying by mechanical means 

It may be consideied, however, where, us m Alhmstein, a 
vacuum receiver can take in the whole of tho day's supply at ono 
filling. This, coming from wells, i cm tuns in the receiver one 
day. The turbid water which separates out is then drawn off 
through faucets at different heights in tho receiver, before the 
sludge is propelled further This icsulls in a desirable re- 
duction of volume, especially when it is conveyed to tho fiolds 
in a wet condition. 

As has been several times mentioned, sludge loses a part of ils 
water during septicization, and acquires a more favorable char- 
acter for further drying in the air The aim should thuroforc 
be to convey the sludge 'from the sedimentation tanks to Hpmul 
digestion chambeis, in some cases with admixture of a 
portion of the unclarified scwago (Hkogness, Kng). Thin i 
done, e g , at Columbus with the sludgo from grit chambers and 
sedimentation tanks. It is only advantageous where ronlm'ti 
beds or artificial or natural sand filters which arc already in- 
stalled for the rest of the plant, can be used to purify tho effluont. 
Should these devices be installed and operated luoroly for tho 
digestion of the sludgo, the cost would be out of proportion to 
the comparatively slight improvement due to the digestion. 

By leaving it to digest the sludge may be stored up for such 
times as it is required for fertilizing the land. 

A certain amount of digestion also takes place by drying in tho 
air, as indicated by the generation of gas 

This favorable alteration in sludge is readily brought about 
in the Emscher tank, already mentioned, by combining the 
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settling tank with the digestion chamber, and without obtaining 
a putiescent effluent or being annoyed by disagieeable smells. 
The gases of decomposition contain only tiaces of sulphuretted 
hydrogen, being chiefly composed of methane and carbonic acid, 
and aie therefore almost odorless 

The decomposition here diffeis favorably from that in septic 
tanks without a cunent, as is usually the case with those for the 
digestion of sludge, by its gi eater intensity The reason, 
according to Spillner (Ges. Ing , 1909) is probably that fiesh 
sludge is constantly admitted and so there is no lack of bacteria 
and their nourishment At the same time, with the frequent 
removal of the sludge, and in exchange for the fresh sludge, the 
disintegrated product, which is harmful to bactena, isiemoved. 
The septic chamber is, moreover, always in operation, and the 
disadvantage of receiving undigested sludge when sludge is 
drawn off is obviated. This occurs if the septic tank is not 
allowed to rest for several weeks after shutting off the inflowing 
sewage 

A very different process from any mentioned is the patent 
electro-osmose method of Count von Schwerm, with which 
exhaustive experiments have been made in the drying and 
utilization of sludge at Frankfoit-on-the-Main. 

In this piocess the liquid molecules, by osmosis, pass to the 
cathode, while the solid particles collect at the anode, when an 
electric current is passed through a mass of sludge The sepa- 
rated water at the cathode is then drawn off The colloids, which 
form a large part of the sludge and which render drying by 
mechanical means difficult on account of their slimy consist- 
ency, are shriveled up by the electnc GUI rent, facilitating their 
separation 

The apparatus consists of frames, one side of which is enclosed 
by a brass sieve which forms the cathode, and the other by a 
metal plate, usually of lead, which forma the anode. The in- 
side chamber is filled with sludge and the anode plate is brought 
near the cathode. The anode plate approaches the cathode as 
the volume is lessoned by the drawing off of the water at the 
cathode. 

Electrolytic disintegration is brought about simultaneously by 
the electrolite contained in the sludge, so that the cathode water 
is alkaline, while at the anode the reaction is slightly acid 

The current used in this method, which is not yet past the 
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experimental stage, is t rather high, but not so gieat, according to 
Tillmans, as to lender it impracticable. 

Artificial drying ovei afire is entirely out of the question foi wet 
sludge for reasons of economy, on account of the groat volume to 
be conveited into steam, but it has been tried with sludge made 
somewhat firm by air drying or by filter pressing 

The cheapest way of doing this is by making briquettes of tho 
solid sludge in brick pi esses, which aic then dried on shelves 
under a ioof, and in from 2 to 8 weeks, according to the weather, 
become sufficiently hard to be transported without special pi'o- 
cautions. These sludge bricks can then bo ground up and used 
as a fertilizer 

The process of artificial drying consists cither in carrying tho 
sludge on a belt conveyor through a heated chamber, or it is 
brought to a current of hot an, by an enclosed worm conveyor, 
in a slowly-revolving non drum. The foul gases which ansc arc 
led undei the fire to rcnclei them inoffensive. 

The value of the material as a fertilizer does not compare with 
the cost, especially of the coal, as will be shown later, so that such 
a method is quite impi acticable, aside from the disagreeable and 
unhygienic features of the work due to the odors created, and 
repeated contact with the sludge. 



CHAPTER V 
UTILIZATION OF SLUDGE 

Ever since the impure mattei has been separated from sewage 
in the form of sludge by clanfication plants, suggestions and 
experiments of various kinds have been made toward the most 
complete and profitable recovery, so far as possible, of its more 
valuable constituents. 

The following conditions should be fulfilled in any process 
leading to the utilization of sludge: 

1 The opeiation should take as little time as possible, and 
there should be a complete removal of injurious ingiedients. 

2 No physical harm or inconvenience should be peimitted to 
come to the workmen 01 to the neighborhood of the works. 

3. The more valuable materials in the sludge should be ex- 
ti acted or recovered to the fullest extent. 

4. The process should be economical i e., the cost of operation 
should not be greater than is justified by the anticipated benefits. 

1. Hygiene demands that, on account of the nature of sludge, 
the filth obtained from sewage should not be stored up or sub- 
jected to long drawn out manipulation, especially when the 
previous treatment is unobjectionable. The objectionable sub- 
stances should be removed or alteied by the operation, so that 
the final product is inoffensive.' 

2. The immediate contact of the workmen with the sludge 
should be avoided here, as in its removal from the tanks and its 
drying, for fear of infection The generation of gases and dis- 
agreeable smells in the utilization of sludge may result in a 
nuisance to the neighborhood, as has been mentioned in connec- 
tion with drying. 

3. As the amount of the more valuable materials in sludge is 
small, so that large quantities, as compared with the amount of 
the product, must be handled, economy demands the greatest 
possible recovery without any waste. It is to the general interest 
tfrat none of the material representing any considerable value in 
the large volume of sludge collected from many sources should 
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be lost, especially in view of the successful efforts that have boon 
made in all branches of human endeavor to recover that -winch 
was formerly considered worthless. 

4. The hope of securing a levenue from sludge utilisation 
equal to the cost of operation, or of making, it a profitable under- 
taking, has long been destioycd, at least with city sewage 

This is easily understood when one considers that in a city of 
50,000 inhabitants with an output of 2 million gallons (7. r >00 
cbrn ) of sewage per day, perhaps 58 5 cu. yds. (45 cbni.) of 
sludge, 90 per cent moisture, or 5 9 cu. yds (4.5 cbm ) of dried 
material are recovered, of which possibly 2 G to H.tf cu. yds. 
(2 to 2.5 cbm.) are of organic origin about tt per cent, of tho 
total volume of the sewage. This small proportion repiosents 
the really valuable material, which has a possible theoretical 
value of from $7.14 to $9 52 (30 to 40 M ) and must often bo 
obtained by elaborate treatment Sometimes the cost of the 
plant is recovered by the valuable ingredients found in the was t OH 
from certain industries wool-washing or metal working, for 
instance but the plant (should then be used only for these valu- 
able wastes. Sometimes the income is even in CX.COHH of tho 
expense. 

The incalculable benefit derived from a rapid removal, as well 
as the expense resulting were any other method employed, should 
be added to tho income earned, together with tho proceeds fioni 
the product obtained. The same thing is true regarding losses 
which may accrue from depreciation of tho neighboring land, or 
demands for damages. Those may amount to largo sums, no- 
cording to the location of tho plant, and poBHibly result in un 
entiie change in the method of treatment. 

In calculating on a possible revenue from any method, euro 
should bo taken to estimate the probable welling pricci of the prod- 
uct, or the value of the ingredients of tho sludge which are to bo 
utilized. Above all, one should note 1he difference! botwetm tho 
theoretical value as worked out on paper and the actual value, 
neglect of which has often necessitated tho abandonment of a 
process which, on paper, gave, promise of a largo rovonuo. Tho 
existence of an ample demand for the product should also bo 
considered. 

On account of the advantages mentioned, which it IB often 
impossible to express directly in dollars and cents, but which 
nevertheless accrue to a city in the form of improved hygienic 
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conditions, or by i educing the operating charges, private enter- 
prises must always be at a disadvantage, even when, as is fre- 
quently the case, the sludge is delivered to them just as it is 
obtained, without cost. 

The utilization of sludge may be accomplished in the following 
ways 

a By availing of its fertilizing value 

b. By availing of its calorific value through incineration 

c By the gas produced. 

d By the grease obtained. 

e By vanous other methods of disposal. 

Those methods are comprised under e which are of minor im- 
portance, or which seek merely to rendei sludge inoffensive 
without reference to its commercial value 

It must be emphasized that none of the methods as yet em- 
ployed entirely fulfill the conditions mentioned at the beginning 
of this section. 

a UTILIZATION OF THE FERTILIZING PROPEETIES OF SLUDGE 

The principal field for the use of settled sludge is as a fertilizer 
mf aiming operations. This is the most ancient and was, for- 
merly, the only use. 

In the future the greater pait will also be utilized in this way, 
especially in small places where the cost of plants for further 
treatment would be too gieat and where the small amount of 
sludge produced would not admit of its utilization. Other condi- 
tions there, too, are found to be most favorable for this disposi- 
tion of sludge. 

The value of sludge as a fertilizer depends chiefly upon the 
amount of nitrogen and phosphoric acid contained, also, in less 
degree, on the amount of potash. The first two each compiise 
about 1 5 per cent of the dried material in settled sludge, potash 
about 5 per cent These figures natuially vary with sludge 
obtained by different processes They are, therefore, not to be 
given equal weight in their consideration for agricultural pur- 
poses. 

Detritus from grit chambers has little fertilizing value and is 
used principally for filling in land,_also for the top dressing on 
irrigation fields. It is, however, sometimes mixed with the sedi- 
ment from tanks to avoid the expense of the separate transporta- 
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tion of these small quantities Sludge from chemi. Ca j 
tion and septic tanks possesses but little fertilising v-a,l-u. e< 
is used in the former it can be employed where the a oil is 
in this ingredient. Sedimentation piocesses and t>a, r ai 
scieens furnish sludge of the highest value, especially -the 
the detritus fiom these is almost wholly organic,, wh.il e Q^ 
half the dried material of settled sludge is organic. 

The fertilizing property of settled Kludge is often. 
affected by the grease contained. This prevents 
to a great extent, and injures the soil by the f orrciat 
coating not leadily pervious to air or water. 

With greasy sewage a separation of the grease, a s 
Kremer apparatus, is of great advantage in tho sale of si 
agriculture. 

The amount of material valuable for the nourislimerLt o 
mentioned above, corresponds to a theoretical fertilizing 
28 cts per cubic yard (1.50 M per cbm ) of wet sludge co 
90 per cent moisture, and $1.10 per cubic yard (6 3VE. jp or 
dried sludge with 60 per cent, of moisture. With. a.ix an 
sludge equal to 0.786 cu yd of sludge per 1000 p>ersor 
per capita) daily, or in lound numbers, 290 cu. yds. \ 
persons (220 1 per capita) per year, the income woiild b 
per 1000 persons (0.33 M. per capita) annually, -\vliic 

cover the gi eater part of the operating expenses \vi-fcli g 

tation processes, undei favorable circuniHtanccH, the wliol 

But this is not the case. Tho cost of transports/tic] 
place of utilization should be deducted from tliis -fcb 
value. This is not insignificant, as much water muis-t "be 
even when the sludge is quite firm, aside from tho sandy 
which are useless for fertilizing. 

The fertilizing material in sludge cannot lie wit oily 
as is the case with sewage irrigation, for the proportion, i 
as plant food yields an excess of nitrogen. Wi-fcli gr 
results in an abundance of straw, but few shriveled gra 
then, the nitrogen is to be entirely utilized, cither one r 
apply too much sludge, unless vegetables only, or leafy 
are to be raised, or else the lime and potash wliiclx are 
must be brought to the field independently. 

For these reasons the actual value is much less t 
theoretical. Moreover, artificial fertilizers are now xrm.cn 
than formerly and are preferred, because more easily ] 
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The night soil from towns not provided with sewerage by water 
carnage is supeiior to sludge foi its fertilizing pioperties. Sludge 
can only be used foi agricultural purposes in the fall and winter 
up to the time of spiing planting, as the nitrogen is deleterious 
to most plants after May and, moreover, the teams for hauling 
are otherwise employed A constant removal is desirable for 
clarification plants Only plants with septic treatment are 
adapted to annual or semi-annual removal 

It is impossible to secure high prices, as farmers are not 
dependent upon sludge for fertilizing, while the treatment plants 
demand constant removal and the storage of sludge, except in 
small quantities, is objectionable. 

Sludge is utilized as a fertilizer either wet or in a de-watered 
condition, or the drying may be earned to such a point that it 
can be strewn over the ground. 

I THE USE OF WET SLUDGE AS A FERTILIZER 

When wet the sludge can either: 

1. be taken to the fields in casks or water-tight receptacles, or 

2 conveyed thereto in pipes or open channels. 

The first method is particulaily advisable where, in small 
plants, the sludge is removed from the settling tanks to a wagon 
by suction, or by pneumatic apparatus such as is used for empty- 
ing cesspools. All bad odors are thus avoided, and also the 
nuisance of flies. The sludge treatment plants are, too, reduced 
to a minimum, as no additional apparatus is necessary. A pie- 
vious drawing off of the turbid liquid in the sludge well or 
vacuum receiver is of a certain advantage 

In larger installations the sludge container should be placed 
at such an elevation that a wagon can be filled independently of 
the removal of the sludge from the tanks, so that the process 
may not be unduly prolonged. For this purpose a tower 40 ft. 
(12 m ) high has been constructed at Mannheim, which holds an 
iron receptacle having a capacity of 157 cu, yds (12 cbm). 
The Frankfort plant has two receptacles for sludge removal 
standing side-by-sidc (Fig. 28) . 

It is possible, also, to provide pits for the temporary storage 
of sludge, especially when it is removed by the management of 
the plant, as the process need not then be interrupted in case 
there; should happen to be no field prepared for its reception 



S6 



SEWAGE SLUDGK 



As a large amount of water must be cai ried as unelehS bullu-l, 
in this way it is only practicable for short hauls ami small aivas 

Where several parties take the sludge reulaily the second 
method is preferable, and a system of piping or channels Hhoulcl 
be laid for its distribution. Open channels or gutters can only 
be employed when the land on which sludge is to bo applied lien 
much lower than the plant. Particles of sludge frequently 
lodge in the channels and putrefy. 

Underground pipe systems with branohos rising to the surt'aco 
at suitable oomts and closed with valves or blank ilanges aro 
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always to be preferred. Movable linrn of pipe can bo laid on tho 
surf aco from these, by which tho shulgo can be spread over I hn 
entire field. 

In Mannheim, where nearly all tho sludgo is thus ut,ili/od on a 
tract of land of about 740 acres (liOO ha.), tho underground pipen, 
which are about 1.25 miles (2 km,) long, and are laid in ground 
owned by the city, aro of iron and of fi.Sf) in. (ir>() mm.) inaitlo 
diameter. The sludge is then carried to private lainlH in surf aco 
pipes which also Herve for a further distribution on tho city 
fields. These aro made of old boiler tubes tt.9 in, (100 mm.) 
diameter inside, with flanged ends. Whore those aro Lo remain 
for a long time, however, they aro furnished with screw joints. 
A loose joint is sufficient for the distributing pipes as tho oozing 
sludge dries rapidly and closes the joints sufficiently. Tho pipes 
can be easily shifted by two men with short iron rakes and drawn 
together. (Fig, 29.) 
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The sludge IB piopelled oiiwaid by means of a piston pump. 
Provision should be made here for forcing water into the pipes to 
flush them out This may be found pai ticularly necessary when 
bianch pipes have been long out of use, so that the sludge remain- 
ing in them has become thick. Such obsti notions can always be 
icmovcd by flushing. As the pressuie can always be increased 
at option with a piston pump, and also reduced in case of a 
break in the pipes, this is better adapted for use with a long line 
of pipe than compressed air fiom a receiver The natural hydro- 
static pleasure from elevated sludge tanks can only be used 
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where there are also means for inci easing this piessure by con- 
necting the distributing pipes directly with the pump or with a 
compressed air receiver when an obstiuction occurs in the 
system In general, interruption of operation seldom occurs, but 
the use of such alternate appliances should be availed of more 
frequently, especially if the land suitable for drying beds lies at 
some distance from the plant. 

If sludge is to be lemoved promptly from the tanks a larger 
sludge well should be provided so that the machinery for its 
propulsion may be of smaller size, and so that the operation may 
extend over a longer period. 

The largest plant of this kind is at Birmingham. The distance 
propelled here is about 3.5 miles (5 to 6 km), and masonry 
manholes are built for connecting the distributing pipes. 

Sludge can be distributed in various ways on the fields. A 
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method much in vogue in Kngland is to dig ditches from 20 In 
3G in (0 5 to <) m.) \vulo and 12 to 20 m (I) 3 to ."> in ) deep Ml 
u distance of about 5 ft (1 5 m ) apart, (Fiji 3() ) Utci one or 
two months, whoii the soil is dned on I, these are (died willi 
sludge and, after ti few days, in older l.o prevent objectionable 
odors, covered to a depth of 2 to 3 in (5 to S cm ) with the earth 
which has been excavated and placed upon the mlermediale. 
strips. Tina is repeated if tlio sludge should soak through tho 
covering 1 in wet weather Tho land is cullivated lor one or two 
yeais, after which a new series of trenches is excavated on I he 
intermediate strips and utilised m the same way V piece ol 




land is usually taken of such size that tho accumulated sludge of 
a year can bo cared foi. Sometimes tho second application is 
made in connection with tho flint. It is then wiso to let the land 
lie fallow for a year before putting 1 it under cultivation. 

As the sludge is buried in thick layers and is withdrawn from 
the influence of the sun and wind by the covering ol eaith, it 
dries slowly Sometimes, as an experiment, it has been buried 
deeper. It was found years later, however, in tho sanus condition 
in tho ground and without having decomposed. 

Foul odors cannot bo avoided with certainty even with thu 
eaith covering or the addition of limo. Above all, digging I ho 
ditches is costly. In Manchester, with wagos of 10 7 cts. (4, r > M.) 
per hour, it costs 6 95 cts per gallon per foot (0.25 M. per 1. per 
m.) with a depth of 1/5 in. (0.45 m.). 

This method has therefore been abandoned in Birmingham in 
favor of that of placing the sludge on the fields without any 
special preparation, as this plan has been hmnd satisfactory at 
Mannheim and Frankfort-on-the-Main Here about 73,000 
cu. yds. (50,000 cbm ) of liquid sludge wtw utili/.ed in this way 
during the year 1902. Another method has now re-placed it r 
however, in connection with an incineration plant for rubbish 
which has been installed recently. 

The whole process consists in irrigating the land with sludge. 
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(Fig 29.) By making a suitable choice of the crop to be fertilized 
sludge may be disposed of the yeai aiound, without having any 
laige plots lying idle. In Mannheim sludge is placed on sugar 
beets and tobacco in the late spring until the end of May, after 
the fields have been sludged m the winter and before the time for 
planting tho summer gram and gieen foddei. By the end of 
July it can again be bi ought to the fields of stubble. In this 
way the land lies idle but two months. 

In order to regulate the operation it is necessary that the 
tenants, if the lands belong to the city, guarantee to take the 
sludge at certain times, 01 agree- among themselves at what 
times it shall be taken It should be left to the farmers to decide 
which fields should receive the sludge. 

About 1GO cu yds. (120 cbm.) per day with 91 per cent, 
moistuie is given away in Mannheim, while only 47 6 cts (2 M.) 
is charged per day for the use of the pipes, besides the wages of 
the woikmon who lay the pipes and apportion the sludge This 
returns an income of $428 (1800 M.). An attempt is also made 
to deiive a piofit from the sludge, as the 123.5 acres (50 ha.) 
of municipal land has risen in lental value from $8 70 to $12 50 
pet acre (00 M to 130 M. per ha) about 50 pei cent , so that 
quite a sum is realized to cover the cost of purification This 
shows how the method is employed by the farmeis. A com- 
parison of the crops raised on nngated and non-irrigated land 
also shows the advantages derived. 

The same favorable results have been obtained at Birmingham. 
Formerly 26 men were employed to bury about 520 cu yds 
(400 cbm ) of sludge daily, while now only 6 men are needed to 
spread it on tho land This is also shown by the cost In the 
first case the cost, including pumping, sinking fund and interest 
charges and rent for the land, was 7 cts. per ton (0 33 M per long 
ton) of sludge, in Manchester even 12 3 cts. per ton (0.58 M 
per long ton), while the other process cost but 2.5 cts. per ton 
(0 12 M per long ton). 

The amount of land required, accoiding to experience in 
Mannheim, was about 1 9 acres per cubic yard (1 ha. pei cbm.) 
of average sludge reeeived per day This corresponds to a 
depth of about 1 45 in (3 7 cm ) of sludge per year, or a require- 
ment of fully 25 sq yds. per cubic yard (27 qm. per cbm.) of 
sludge per year. 

In England, where it is of less value for use in agriculture 
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than its cost, an accumulation of 10 in (25 cm ) per year is 
estimated on land having favorable soil, equivalent to an area of 
3 6 sq yds per cubic yard (4 qni pei cbm ) of sludge With a 
heavy clay soil this is mci eased to 10 8 sq yds per cubic yard 
(12 qm. per cbm) of sludge or moie, and with a medium soil, 
7.2 sq. yds. per cubic yard (8 qm per cbm ) of sludge 

This small area of land is partly accounted for by the favorable 
climate of England, particularly in winter. 

With a quantity of sludge amounting to 19 8 cu. yds. per 
million gallons (4 1. per cbm ) of sewage and a daily water con- 
sumption of 40 gallons (150 1 ) per capita, we have 286 cu yds. 

per 1000 | = 219 cbm. per capita) of sludge per 

\ J.UUU 

year, and therefore with 10 in (25 cm.) depth of sludge, about 
1.2 sq yds. (1 qm.) per inhabitant. 

As the land is only spiead with sludge once in 2 or 3 years the 
above values should lie doubled or trebled, thus approaching the 
Mannheim value, which was estimated for a yeaily application. 

The estimates of Schiele ("Mittefl d Kgl Versuchsanstalt," 
No 11) of 48 sq yds (0 4 qm ) per capita seem rather low in 
comparison. 

The same areas are needed for ditches as for irrigation This 
method is used in England more for drying sludge than for 
agricultural purposes. 

Low embankments are sometimes thrown up by a plough, 
therefore, on level tracts of land, forming shallow ponds which 
are filled with sludge 4 to 6 in. (10 to 15 cm.) deep, and this is 
dug under when dry. If the land is used in this way several 
times in succession it becomes more impervious and drying takes 
a correspondingly longer time. In this case it is bettei to provide 
specially drained drying places and to remove the sludge after 
it has been dried. 

If the sludge is used in small quantities on land which is 
devoted to agricultural uses, it decomposes entirely and the 
ground is always ready to take up more material As the sludge 
only covers the ground in a thin layer (see Fig. 29) it dries 
rapidly and can be harrowed under without delay. The land 
does not have to be absolutely level if care is taken to irrigate 
all parts by the aid of manual labor, and to see that the pipes 
are properly laid. 

By having long sludge pipes (see Birmingham) a sufficiently 
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large area of land can generally be reached. Sandy soil is 
especially well adapted for this, as the sludge diies out more 
quickly. It can, however, stand larger doses of sludge if it 
is under cultivation Land which is subject to overflow by 
streams and cannot be cultivated may be advantageously em- 
ployed in niigation (Mannheim). Provision for under-drainage 
is not necessary 

This method should be considered where there is septic sludge 
or fine sludge which cannot be de-watered by pressing or centri- 
fuging, and where drying beds cannot be provided. The former 
variety of sludge is not very useful in agriculture, but it is 
quickly disposed of 

Much gieabe is undesirable, but it disintegrates more readily 
and harms the field less when spread in thin layers than if in 
laige masses and lumps 

2 UTILIZATION OF DE-WATERED SLUDGE AS FERTILIZER 

The volume of sludge is reduced to one-fourth or more by de- 
watering to 60 or 70 per cent , thus rendering its transportation 
for long distances piofitable 

In Fiankfoit-on-the-Mam sludge dried in the air was trans- 
ported as far as 5 miles (8 km) in Neustadt O.-S. even 685 
miles (11 km.) by wagon, and in the latter case 62 cts per cubic 
yard (3.40 M. per cbm ) was paid when no lime had been added, 
or 44 cts (2 40 M ) with lime. In 1901, $916 30 (3850 M.) was 
realized from the sludge. 

Conditions arc seldom so favorable, however The character 
of the soil in that vicinity and the pioduction of fertilizer for 
agi icultural purposes have had considerable influence. It is, 
also, often advisable to give the sludge away to promote its intro- 
duction and for experimental purposes 

In most cases a very small price is paid for dried sludge, which 
is quite out of proportion to the cost of drying, especially when 
this is accomplished by presses or centrifugal machines. Detri- 
tus from screens always brings the highest price on account of 
its excellent quality. In Torgau 48 cts (2 M ) per load is paid, 
in Leipzig 36 cts (1.50 M ). In the same place 6 cts. (0 25 M ) 
was paid for tank sludge by lessees of the city, by others 12 cts. 
(0 50 M.) which was reduced by 6 cts. (0.25 M.) charges for load- 
ing. In 1908 the gross revenue was $31868 (1339 M) when 
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there was a great demand, while the cost m wages for removing 
the diied sludge iiom the pits was about ,$6854 (28,800 M ). In 
Unna septic sludge brings 36 cts (1 f)0 M ) per load, in Recklmg- 
hausen 9 cts per cubic yard (0 50 M. per cbm.). Tina price is 
frequently obtained, using sometimes to 18 cts. per cubic yard 
(1 M. per cbm ) 

In general better prices can be obtained in small places than in 
large cities, as the small farmers, who aie the principal users of 
sludge, are found there in comparatively greater numbers Large 
plants are glad to get rid of sludge in any way and to have it 
called for, to avoid the coats of transportation 

In England they sometimes obtain 18 cts. per cubic yard 
(1 M. per cbm ) for pressed cake, but 9 to 13 1/2 c-tn. (0 50 to 
75 M. per cbm ) is often paid to have it carried away. 

The sludge is spread on the land and dug undor as in the case 
of manuie. The loose consistency of centrifuged sludge rondci-n 
it easy to handle. The freezing of sludge spread on the noldn, 
which is common when ponded, promotes its decomposition and 
enhances its fertilizing power. 

Half dried sludge can be frozen in cold localities, making it 
easier to load and transport. The thawing at the places for dry- 
ing, however, entails moie work. 

Detritus from scieens, possibly also from gilt chambers, is often 
composted with street sweepings, sifted dust, and, in (smaller 
quantities, with dried leaves or pieces of peal, to increuao its 
fertilizing qualities. This is best accomplished in wallod pits, in 
which they arc placed in rotation in thin layers. The odors arc 
less with the small surface exposed than if placed in heaps, and 
when the pit is full can be lessened by the application of a lay or 
of peat. In Cologne 4 pits with a capacity of 130 cu. yds. (100 
cbrn.) each are used foi this purpose. ' 

Wet sludge is also mixed with dust or street swcopingH to 
obtain a material that is more easily handled, and in Cassel, for 
example, tanks were arranged with embankments of street 
sweepings, into which liquid sludge was punipod. Masses of the 
sweepings from tho sides woro then gradually nn.\ed with the 
sludge until equalling half its volume. In half a year a material 
capable of transportation was obtained with 45 per cent, of 
moisture, having the odor of garden compost, which was given 
away free. One and seven-tenths pounds of lime per cubic 
yard (1 kg. per cbm,) was added to prevent foul odors and flies, 
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but this was not entirely successful The fertilizing value was 
also reduced and the cost increased 

It is not advisable to compost wet tank sludge with street 
sweepings, as this is only possible by forming great heaps, which 
delays the drying and increases the foul odors Sweepings, 
moi cover, aie more easily cared for by themselves 

3. PRODUCTION OF FERTILIZER WHICH CAN BE STREWN 
OVER THE GROUND 

Many experiments have been made to secure a fertilizer that 
can be stiewn aftei drying the sludge to 10 or 20 per cent, 
moisture, such as has been obtained in the form of poudrette 
from fecal matter 

They have almost all failed because of the great cost required 
for artificial drying 

The process is made cheaper by spieading the de-watered 
sludge in thin layers under cover, rolling it seveial times or raking 
it over. In summer the contained water can be reduced to from 
10 to 20 per cent. This method can only be used for small 
quantities on account of the space required, and cannot be 
employed in damp weather. 

With larger quantities the de-watered sludge can be formed 
into briquettes and dried in the air under sheds, like bricks, as 
described in the last section. 

In either case it can be ground up, producing a fertilizer that 
can be strewn. 

This method requires a prolonged handling of the sludge. The 
workmen come into contact with it, also, and it remains piled up 
a long time, although it is not very offensive 

This process is considerably acceleiated by the artificial drying 
already mentioned. Extensive experiments have been made in 
Frankfort with an apparatus constructed by Fellner and Ziegler, 
in Bockenheim. 

Water is diawn off from the sludge, which has been placed in a 
rotary drum, filled with iron balls, at a tempeiature of from 212 
to 248 F (100 to 120 C ) and at the same time the dried mass 
is ground. The fertilizer which, with a water content of from 
5 to 15 per rent can then be strewn, contains 1 8 per cent, of 
nitrogen and 1.9 per cent of phosphoric acid. The whole con- 
tains, on an average, 47 5 per cent, of organic matter. 
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From 388 cu yds (296 1.) of sludge with 72 per cent water 
(specific gravity =115) there weie obtained homly 209 Ibs 
(95 kg.) of poudrette, while 101 Ibs. (46 kg ) of coal was used 
From this we have the unfavoiable factor foi the production of 
100X101 / 100X40 1 

==ab Ut314 ^"* ' 



388X1 15x72296Xl 15X72 5 . 

The large consumption of coal brought the cost of a tori of 
poudrette to $6 48 (3 M per 100 kg ) which was much higher 
than the price for which it could be sold. 

The nuisance produced by the foul-smelling gases resulting 
from the drying could not be entiiely prevented, even by con- 
ducting the gases undei the file 

The same experience was had in Potsdam, where similar experi- 
ments were carried on in the further drying of lignite sludge to 
secure a more perfect incineration 

Nor has the result sought been reached in the attempt to 
secure a product that can be strewn by diying between hot 
cylmdeis, pressed sludge containing an addition of lime. 

In England, on the contrary, very successful methods have 
been devised for securing a fertilize! that will find a market, as 
Schiele reports in No 11 of Mitteilung der Konighchen Verauch- 
sanstalt 

In Kingston the sludge obtained from the A B. C. process is 
pressed and then artificially dried and scieened. After further 
drying in the an during stoiage it is sold as "Native Guano," 
especially as a fertilizei for flowers, at a price beyond its tiuo 
value. In spite of this the clarification and further treatment 
cost about 40 1/2 cts (1 70 M ) per capita per year. But tho 
employment of a cheaper method of clarification combined with 
a discharge to the sea would be yet more expensive. 

In Glasgow the "Globe Fertilizer" is produced in a similar 
manner by clarifying with lime and sulphate of iron and then 
artificially drying the pressed sludge at a temperature of 149 
to 158 F. (65 to 70 C). In 5 years 1 23 million tons (1.1 
million long tons) of sludge with 91 per cent moisture produced 
198,000 tons (177,000 long tons) of pressed cake and 6400 tons 
(5700 long tons) of fertilizer. The former cost 42 1/2 cts per 
ton (2 M per long ton) and was sold foi from 14 9 to 21.2 cts. per 
ton (070 to 100 M per long ton); the lattei, while costing 
$2 12 per ton (10 M. per long ton) to produce, sold for from 
$1 70 to $2 12, or in sacks $2.97 per ton (8 to 10 M. and 14 M. 
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per long ton) This return reduced the cost of clarification by 
81 cts. per million gallons (0 9 M. per 1000 cbm ) of sewage In 
spite of the smaller price the sale of the pressed cakes was pre- 
ferred, as they requiied less work 

No gieat profit can be looked for by fuither tieatment of the 
fertilizer, especially as the valuable artificial fertilizers at their 
cheap prices are always preferred. Even with artificial drying 
it is a long drawn out process, requiring troublesome manipula- 
tion. It is always to the interest of the plant to render the 
process as short and simple as possible, especially wheie no 
great profit can be realized. 

b COMPLETE UTILIZATION OF CALORIFIC VALUE BY BURNING 

A means frequently employed to remove valueless refuse 
which, when accumulated, becomes offensive fiom its gradual 
decomposition and, also, takes up too much room, is by burning. 
By using the pioper apparatus the heat fiom the gas generated 
can be utilized, 01 if this is not done the volume is at least i educed 
and the final product is an unobjectionable heap of ashes. 

The possibility of burning, and especially of utilizing, the 
calorific value of sludge depends on several conditions which are 
of great importance, the disregard of which has led to many 
failures. We will therefore consider them somewhat more in 
detail. 

The degree to which sludge can be disposed of by making use 
of its calorific value depends upon the proportion of organic 
matter contained, on the water and on the grease. 

The effective thermal value of any mateiial is the numbei of 
heat units developed by the combustion of one pound (or of 1 kg ) 
of the fuel under consideration. 

The laigei the proportion of organic constituents in sludge the 
gi eater the amount of available heat which is released by com- 
bustion. The inorganic material and the water contained in it 
absorb a certain part of the heat generated in raising their own 
temperature. Water consumes a large part of it, not only 
because it constitutes a great proportion of the whole, but par- 
ticularly because it must be converted into steam 180 b. t. u. 
per pound are required to raise water from 32 F. to 212 F. (100 
calories per kg from to 100 C ), but to convert water at 212 
F. (100 C.) into steam of the same temperature there are required 



96 



SEWAGE SLUDGE 



965 b t u. per pound (536 calorics pei kg), altogether 
1152b t u per pound (640 cnlouos per kg ) 

As in ordinary incineration plants only the {immmt of heat can 
be utilized compuscd between the tempeiature of combustion 
and that of the gases discharged, and an this hint tenipeiature is 
usually above 212 F. (100 C ), the water continued in (lie fuel is, 
as a rule, converted into steam The heat used in this process is, 
however, lost, except foi a part which appears in the higher 
temperature of the gases given off. 

The effect of the moisture on the burning can be slunv n mat he- 
inatically. 

The absolute caloric value of the dried mateiial is about 7200 
b. t. u. per pound (4000 calorics per kg ). With a water content 
of 90 per cent theiewill be 90 Ibs. (or kg.) of water in JOO Ibs. 
(or kg.) of sludge. To convert this into steam requires 00 X 1 152 
= 103,080 b. t. u. (90X040 = 57,600 calories). Tho calorific 
value of the dried material is 10x7200 = 72,000 b. t. u. (10x4000 
= 40,000 calories). 

Sludge containing so much water has therefore no practical 
heating value. It is only when it is further dried Unit we obtain 
from the calorific value of the material an excess of heat above 
that used up in the geneiation of steam. Tho following table by 
Koschmiedci (Tech. Gemcindeblatt, seventh year) shows to 
what degree this occurs through the reduction of the contained 
moisture by 10 per cent. 
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Sludge has a practical caloiific value only aftei the contained 
moisture has been reduced to 80 per cent. This value increases 
gi adually in proportion to the decreasing amount of water to be 
cliiven off at decreasing mteivals of 10 per cent (See Chapter 
IV ) It appears, therefore, that little will be gained by drying it 
beyond 50 or 60 per cent 

It should also be noted that the temperatuie must not be 
loweied below the degree requiied for combustion when mateiial 
to be burned is added 

The grease contained is a disadvantage in burning inasmuch as 
this must be distilled off at a tempeiature of 572 F (300 C) 
before i caching the temperature of combustion The heat thus 
used is lost, as these distilled vapors aie not consumed in any 
ordinal y furnace With every addition of mateiial to be burned, 
therefore, the moisture must be turned into steam, the grease and 
similar substances must be distilled off, and it is only with a yet 
higher temperature that we obtain gases of the degiee of heat 
requned for practical use 

When burning diied sludge in house stoves the grease is dis- 
tilled off and is quickly deposited on the cooler parts of the heat- 
ing apparatus, resulting in much dirt and the production of im- 
pure gases which escape into the room and render the air impure 
When it is burned under steam boilers the gases escaping through 
the chimney annoy the people of the neighborhood. 

Although we find from the above that sludge sufficiently dried 
can be burned without adding other material, its use is too limited 
to make further drying, except by the usual methods, of economic 
value. Experiments in this direction have, however, been made. 

In Frankfort-on-the-Main briquettes made fiom de-watered 
sludge with buck presses and dried in the aii to 10 pei cent of 
moisture gave an effective calorific value of 9910 b t u. (2500 
calories), on an average with 47 per cent, of combustible material 

According to Bredtschneider and Pioskauer (Vierteljahjes- 
schrift f off Ges. Pflege., Vol. XXXVII) air-dried sludge with 
20 per cent moistuie contains about 30 per cent, combustible 
material and about 50 per cent, mineral matter, and has a 
calorific value of 8730 b. t. u. (2200 calories) 

Experiments at Elberfeld have shown that sludge with as 
much aw GO per cent, moisture can be burned without the addition 
of coal by using a forced draft. 

As valuable combustible materials, such as carbonic acid and 
7 



98 SEWAGE SLUDGE 

methane, are lost during decomposition, sludge from septic 1 links 
is less suitable for heating purposes In fcituttgart the. calonlio 
value of septic sludge with 40 per cent, moistme was U4, r )0 b. t u. 
(1027 calories) , with settled sludge containing 47 per cent mois- 
tuie, 8035 b. t u (2025 calories). In comparison we have: 
lignite sludge from Potsdam with o'O per cent moisture, 5i)f>0 
b t. u. (1500 calories), and settled sludge from llanovei, dried at 
212 P. (100 C ), 15,870 b. t u. (4000 calories), with US per cent, 
ash and 17,120 b. t. u (4315 calories) , with 18 5 per cent, ash A 
certain increase in calorific value is found in coal mining districts 
due to particles of coal in the sewage. 

Coal or other combustible material, such as dust, has been 
mixed with sludge to increase its calorific value in older to render 
its use practicable. The coal can be added to the sewage, to tho 
wet sludge or to the dried sludge before it is used. 

The first method brings out the most economical line of the 
material added. It can be used as a means for clarification, UH 
in the lignite process. Tho addition of coal or peat also facilitates 
diymg in the air as well as by pressure, and retards the decom- 
position of deposited sludge. If the material that is to be burned 
i,s mixed with wet sludge, this is best in the form of coal dust, 
which, is thoroughly incorporated with tho sludge by a pax-ess 
patented by the firm of Ilothe, in which it is .sucked in like por- 
ridge through a lateral suction pipe in the sludge pump. 

The complete utilization of the calorific value is, therefore, tho 
appiovcd practice in using the lignite process, and as Hoichle anil 
Dost have shown by experiments to bo described later, the foul 
material contributes from 11 to 30 por cent, of tho resulting 
calorific value. 

Experiments at. Charlottcnburg, where sludgo containing 
40 per cent moisture was burned with the addition of coal, 
more coal was required to obtain a certain amount of steam than 
if coal alone had been used. 1'or other reasons, too, atress should 
be laid upon mixing as thoroughly as possible. 

In tho lignite process, where 4,1 to ,S.3 tons por million gallons 
(1 to 2 kg. per cbm.) of ground lignite with alum and sulphate 
of iron are added to the sewage, tho sludge is usually burned under 
the boilers of the apparatus just as it comes from tho proas. If 
it is received in the consistency of giuel, which cannot always bo 
avoided with its variable character, other sludge which 1ms 
received additional drying in the air under cover is mixed with it. 
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The giate is supplied with diagonal bars The resulting ash is 
about 1/7 of the onginal amount. 

In Copenick the lignite sludge which has been dried in tanks 
thiee or four weeks, in heaped up under cover for about four 
months, and this high piling up has been found of gi eater advan- 
tage than placing it in thin layeis, so that the laige drying sheds 
have been but partially used. The calorific value with about 
40 per cent moisture is 8630 b t. u (2175 calories). It is burned 
in the neighboimg electric plant with an addition of one pait of 
coal to 2 to 4 paits of sludge, applying, at the same time, a foiced 
draft. Lignite sludge is also used at Potsdam in the municipal 
electiic plant, but without pievious storage, using a mixture of 
1 part coal slack to 8 parts sludge. The electiic plant, which 
uses no other fuel, pays therefor $2142 (9000 M.), which repre- 
sents only a pait of the cost of the sludge. 

An expeiimental plant of the Nuremberg Machine Manufactui- 
ing Co , Inc , dues the wet lignite sludge by heat, the final product 
a firm black mass is used for fuel and the steam generated 
thereby employed to operate the machinery. Further particu- 
lais as to the success of this plant cannot yet be given. 

At Spandau the lignite sludge is made into briquettes and 
sold at $1.52 per ton (0 70 M per 100 kg.) for fuel In other 
places the sludge briquettes which are not needed to operate the 
clarification plant are given away to poor families. 

Experiments with septic sludge from Emscher tanks show that 
it burns when containing 46.4 per cent moisture with an addition 
of from 20 to 5 per cent of coal, when 50 per cent, which has no 
commercial use is left as ash. 

Besides the complete utilization of the calorific value, an 
attempt should be made to secure an ash having value, on account 
of its large amount. This is especially worthy of attention where 
there is a lack of sand and giavel for mortar and concrete. At 
Huddersfield, England, the pressed sludge from chemical pre- 
cipitation is mixed with coke breeze in the proportion of 5 1 and 
buined The resulting slag is used with lime and cement to 
make mortar The operation is expensive, however, the burning 
alone costing, m the added coke and wages, 55 2 cts per ton 
(2 00 M. per long ton) , to which should be added 53 1 cts. per ton 
(2.50 M. per long ton) for pressing The only advantage lies in 
the fact that the entire product is thus utilized without any waste 

This point is not worth considering in lignite clarification plants 
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wheie the icsidue of ash is but 1/7 of the whole amount The 
complete utilization ot the calonnc value is of importance m 
i educing the high cost of the pioee&s, especially as large machines 
are necessary to do the work 

It has even been pioposed to lessen the bunion on the sewago 
at Beilin by claiifying a pait ot t,he sewage with coal and then 
utilizing the sludge in the pioduction of electucal energy foi the 
railways. With an addition of from 20 to .'JO pel cent, of lignite, 
there has been estimated a return of 21,4,J1,000 k. w h fioin 
104,040 tons (147,000 long tons) of sludge 

Centnfuged sludge is particularly well adapted to binning on 
account of its loose consistency. A sep.ii ate extraction of gi ease 
from the sewage in older to produce a hludge without (his in- 
gredient is of advantage, as has been ill ready explained in tho 
lemarks on combustion 

In Bradford, wheic all the sludge is worked over for tho grease, 
the pressed cakes without grease arc mixed with coal in I ho 
proportion of 7 1, while a heated foiccd draft is used to prevent 
any annoyance from smoke, and the cakes aie then burned under 
steam boilers, thus saving an annual expense of $4700 (20,000 
M ) foi fuel. 

Briquettes made from sludge diied to 75 per cent., with coal 
and bitumen added, have boon used foi fuel in Columbus, II. K. f 
but as in all experiments with a mixture of more valuable fuel, 
the cost has been greater than its actual value 

The mcinoiation of sludge with dust or street, sweepings com- 
bined, has frequently been found practicable, the most notable 
example being at Frankfort-on-thc-Main, where contrifugo- 
dried sludge has been treated in thin way Experiments thoio 
indicated that sludge with 75 per cent, moisture mixed with 
house sweepings would burn without any additional fuel, so, 
also, m Charlottenburg whore, with a mixture of J part sludge, 
with 75 pci cent moistuio and 3 parts house b weepings, 1 Ib. 
evaporated from 7(5 to 1.08 Ibs. (1 kg evaporated 0.70 to 
1 08 kg ) of water in the boiler. 

This method is frequently used in England wlicie pressed 
cakes containing 50 to 60 per cent, moisture aro customarily 
mixed with dust in the proportion of 1 to 2. Tho oalorifin 
value of the material is utilized to operate the plant. This is, 
naturally, not gieat In Buiy 07 to 78 tons (00 to 70 long tons) 
of the mixed material are burned daily, fui mailing ,48 h. p. for 
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the engine hoilejs of the plant The slag resulting from this 
method can bo melted and giound It is then used foi building 
matei ml Especial attention is given to the gases produced, as 
these may easily cause annoyance. 

c PRODUCTION OF GAS 

The unfavorable results obtained in utilizing the combustible 
material in sludge as fuel which have been descubed have led to 
experiments by which its calonfic value may be more fully 
realized thiough its convcision into gas. 

A distinction should be made here between the removal 
(entgasung) of the gas and the production (vergasung) of the 
gas from the sludge. 

The foimer is accomplished by diiving out the volatile m- 
giedients, especially the carbuietted hydrogen, which makes a 
veiy valuable gas, by a high temperatuie. This is dry distilla- 
tion, such as is employed in making illuminating gas. 

By the pi oduction of gas is understood the combination of the 
caibon contained in the material with the oxygen of the air to 
form carbonic oxide. This can be brought about by passing air 
through glowing coals Carbonic oxide gas is pioduced which, 
when mixed with the inert nitrogen of the air, is called producer 
gas. This is not a perfectly combustible product, as the carbon 
is consumed only to the degree necessary to produce carbonic 
oxide, but not caibomc acid. 

If steam from water is brought into contact with glowing 
coals the oxygen in it unites with the carbon, forming carbonic 
oxide, and the hydrogen is set fiee. The mixtuie of these two 
gases is called watci gas. In the suction gas producer, air and 
steam are admitted at the same time and the resulting gas is a 
mixture of both kinds. These gases are usually mixed with other 
volatile substances which aro freed from the combustible material 
recently added to the upper layer in the genei ator. 

At first attempts were made to drive off the gas from sludge, 
but so far this has been without piactical success. The reason 
for failure is the great volume of the water contained in the 
sludge as compared with the small amount of combustible 
material, a condition which constitutes the great difficulty m 
all methods of utilization. A great deal of fuel is required to 
heat this great mass, while the value of the gases obtained is not 
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in proportion Moreover, a considerable amount of lesidue 
remains after the gas has been removed 

This is also shown in the experiments undertaken in Tegel to 
remove the gas fiom sludge produced by mixing peat with the 
sewage of Stuttgart. Here from 1 96 cu yds (1.5 cbm ) of 
sludge weighing 1700 Ibs (770 kg ) there remained a residue in the 
retort of 534 Ibs. (242 kg ) =31 4 per cent. quite alaige amount 
and the gas obtained was about 7060 cu. ft. (200 cbm ) or 
417 cu ft. from 100 Ibs. (26 cbm from 100 kg ) of sludge, using 
1700 Ibs (770 kg ) of coke The calonfic value of the gases 
obtained was 16,578 b t u. (4178 calories) as compared with 
possibly 19,840 b t u. (5000 calories) in the case of illuminating 
gas, and the cost of production (fuel and wages) $1.27 per 1000 
cu ft. (0 19 M per cbm). 

The cost of production is therefore very high in proportion to 
its value. The conditions are still less favorable with ordinary 
settled sludge, as was shown by experiments at Frankfort-on-the- 
Main. Here, from 220 Ibs (100 kg ) of air-dried briquettes only 
690 cu. ft (19 5 cbm ) of gas was obtained After a 4-hour 
period 50 per cent, residue was found. The gas contained: 

Hydiogen, 36 per cent 

Carbon, 23 per cent. 

Methane, 13 per cent. 

Heavy caiburetted hydrogen, 6 per cent 

Carbonic acid, 16 per cent. 

Nitrogen, 6 per cent 

100 per cent. 

Its calorific value was 15,000 b t u (3800 calories) the 
maximum 16,860 b. t u. (4250 calories). The illuminating power 
was small, 5.3 candle power while using 5 3 cu. ft. (150 1.) per 
hour, so that the gas cannot be used for lighting. 

Similar results were obtained with sludge from septic tanks 
and plain sedimentation in Stuttgart, as the following figures 
indicate 

There is, therefore, no question of economy in the process. 

Experiments for converting sludge into gas have resulted more 
favorably although, even here, there has been no satisfactory 
solution. 

The same unfavorable characteristics of settled sludge are 
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shown here as were found in connection with burning, as might be 
expected, for both processes aim to secure its entire calorific 
value. 

Gas obtained is used to drive engines. As the calorific value 
of the sludge is small these engines must be made very laige. 
Besides, the preliminary distillation of the grease, which quickly 
condenses, makes the engine and plant for the production of 
gas very dirty, so that ample reserve must be provided for unin- 
terrupted power 

The heat required to convert the water into steam and distill 
the grease might be recovered by passing their vapors over glow- 
ing coals, possibly by admitting them into the fire box, thereby 
inducing further decomposition. In using wet sludge for making 
water gas the method suggested by Koschmiedei may be em- 
ployed of conveying the steam from the sludge to the generator, 
thus utilizing the heat devoted to that purpose The heat from 
the gases may be used to further dry the de-watered sludge 
Coal to the amount of 1 1/2 times the wet sludge should then be 
added This increases the cost of the process, and probably in a 
greater degree than by special drying of the sludge or by other 
processes where the stoiage or prolonged treatment of the sludge 
is avoided. 

Sludge which has not had coal added during or after clarifica- 
tion is not suited to the removal of gas 

The experiments which have been made in this direction by the 
Deutz Gas Engine Works have therefore only dealt with coal- 
clarified sludge Of these experiments, some of which were 
undertaken at Deutz, some at.the Dresden Municipal Exhibition 
and some at the experimental plant at Oberschdneweide, we will 
only consider those made by Reichle and Dost at the last-named 
place, as the results are all similar. 

The experimental plant, which has now been abandoned, 
consisted of a generator, a condensing plant, and a suction gas 
engine of 70 h. p. With an addition of from 5 63 to 8.23 tons of 
lignite and from 075 to 1.13 tons of sulphate of alumina to 
1 million gallons of sewage there were obtained 12.5 tons of 
sludge (with 1.35 to 1 97 kg lignite and 18 to 0.27 kg. sulphate 
of alumina per cbm,, 3 kg. of sludge) with 64 per cent, moisture 
having a calorific value of 3202 b. t. u, per pound (1779 calories 
per kg ). The sludge received from the press with this amount 
of moisture was dried in the air to 51 per cent , for, as was shown 
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by those experiments, sludge with 58 per cent or more cannot 
bo conveited into gas 

The following composition was the result of an analysis. 

Carbon, 22 3 pei cent 

Hydiogen, 2 7 per cent 

Nitiogen, 1 per cent 

Oxygen, 12 8 per cent 

Sulphur, 5 pei cent 

Ash, 9.8 per cent 

Water, 5 1 per cent 

The calorific value of the gases produced was on an average 
81,000 (maximum 90,000) b t. u per. 1000 cu. ft. of gas, as com- 
pared with 146,000 or more wfth other power gas [721 (maximum 
801) calories pei cbm as compared with 1300 or more] The 
engine, therefoie, only furnished 57 h. p. The amount of lignite 
sludge was 5.56 Ib (252 kg.) per bi ake horse-power-hour, 

u i *i i , 2510 X 100 / 632X100 \ 

whence we have a thermal efficiency of g^y^ ( 2-52XT779J 

= 14.1 per cent. 3202 (1779) here represents the calorific value 
of the sludge and 2510 (632) the heat units requiied foi one h p 
hour. 

The impure matter increased the heating value by from 11 to 
30 per cent , the sewage being composed mostly of factoiy wastes 
without combustible ingredients. 

As the coat of fuel is 0.36 to 50 cts (15 to 20 pfg ) per h. p 
hour, and about 15 per cent of the power derived from the sludge 
was utilized for the clarification plant, the cost of operation at 
Oberschdneweide, as was demonstiated in 1905, was reduced 
from 33 1 cts to 24 5 cts (1 39 M to 1.03 M ) per capita per 
annum, or by $16 20 pei million gallons (1 8 pfg per cbm.) of 
sewage, including interest and amortization charges 

Such utilization of lignite sludge has a certain economic 
advantage which can be increased by improvements as already 
indicated The costs of maintenance and operation may be 
reduced if the process is used m connection with a municipal 
power plant where sludge is available. It does not seem wise to 
adopt the lignite process merely for the profitable use of the 
sludge when its advantages freedom from odor, small area 
required, easy handling and therefore the possibility of estab- 
lishing the plant in populous districts cannot all be realized. 
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Recently a plant of this kind, to utilize sludge for power gas, 
has been installed at Elbing, but although no decided opinion 
can be expressed aftei the short time it has been in opeiation, it 
does not appeal to meet the expectations as to cost 

d EXTRACTION OP GREASE 

The grease contained in sludge is detrimental to the methods 
of utilization hitherto described In order to iealiz& the greatest 
possible value either as a fertilizer or for fuel it is necessary to 
eliminate the grease, or at least to have as little of it as possible. 
But the contained grease itself represents a valuable product. 
It is necessary, however, to extract it from the sludge in the 
simplest and most economical way 

This can be done* 

1. By extraction of the grease from the settled sludge. 

2. By extraction of the grease from the sewage either by 
itself or in connection with other materials. 

A mechanical separation of the grease by its rising to the 
suiface on account of its light specific gravity does not take place 
in connection with sludge as it is too intimately mixed with the 
particles of the latter. In de-watering by centrifugal force in 
closed drums the grease separates fiom the water in the center 
and can be collected. 

Both of these methods have been tried out in practice. 

The first is more generally known in Germany from a plant 
at Cassel erected by Degener through the Cassel Machine Woiks 
Incorporated, formeily the firm of Beck and Henkel 

The sludge, which was given away by the city of Cassel just as 
it was obtained, and which contained coarse sedimentary and 
floating matter on account of the lack of grit chambers or screens, 
was worked over by the following processes: 

1 Freeing the sludge from its coarse ingredients (rags, sticks 
of wood, etc.) by a rolling screen 

2. Mixing with sulphuric acid in kettles 

3. Heating the mixture in Montejus [3 to each 3.9 cu yds. 
(3 cbm.)] to 212 F. (100 C.) 

4. Pressing the heated material in filter presses. The drainage 
water was conveyed to a lime well to neutralize the acids and 
returned to the plant 

5. Drying the pressed cakes, first by introducing steam into 
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the pi esses and thence, aftei they were disintegrated, into an 
apparatus heated by steam 

6. Extracting the giease by benzine in an extractor holding 
8.5 cu yds (G 5 cbm ) 

7. Libeiatmg the grease and sediment from the benzine by 
steam. The latter was recovered by condensation and could be 
used again sevei al times 

8 Subsequent diymg of the sediment in thin layers in the air 
or in a drying appaiatus after the moisture had been reduced to 
40 or 50 per cent, by steam 

9 Distillation of the grease This produced two layers of 
giease, yellow and biown, while a tar-like material remained as 
residue. 

The amount of grease extracted varied from 8 to 25 per cent 
and averaged 15 per cent of the dried material in the sludge 
cakes, while the average amount of grease contained in the sludge 
was 18 per cent. 

The residue, deprived of grease, found a good market as a 
feitilizcr and had the following composition referred to the dned 
mateiial 

Nitrogen, 2 35 to 6 90 per cent 

Grease, 71 to 5 89 per cent 

Phosphoric acid, 41 to 1 . 12 per cent. 

Potash, 03 to 15 per cent. 

As shown above, this method was very troublesome. In 
addition to a good deal of machinery it required 16 men for 
operation 8 by day and 8 by night 

The final product was unobjectionable from a sanitary point of 
view and the process was, moreovei, harmless for the workmen. 

As many alterations and impiovements were found necessary 
in trying out the plant, the capital required had to be increased, 
making, with the high cost of operation, economical results 
impossible After 3 years, therefore, it was abandoned, and the 
contract with the city of Cassel was cancelled. 

The principal reason for the high cost of operation was the 
great expense that had to be inouried for fuel used in heating the 
wet sludge and in drying the pressed cakes, which was out of 
proportion to the value of the grease contained (See page 10) . 

Experiments made at Frankfort-on-the-Main to extract grease 
with benzine from wet sludge containing 15 to 20 per cent, of 
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grease in the dried material showed the process to bo uneco- 
nomic ol 

Extracting greaso from sewage aludgo obtained under normal 
conditions can never be profitable 

The situation is different in towns where much grease is dis- 
charged into the sewage from factories, as, for exumplo, in vai ions 
English cities from wool washing works. 

The largest plant of this kind is at Bradford (Frit/ing Hall). 
14 53 million gallons (55,000 cbm ) of sewage, half of which comes 
from wool washing establishments, are treated there daily by tho 
addition of sulphuric acid. The sludge, with HO per cent, mois- 
ture, is heated to 212 F. (100 C ) by steam and then led into hot 
filter presses, where the grease, which has been separated by the 
sulphuric acid, is pressed out with the water. The grease sepa- 
rates from the water and is refined. In 1904 it brought a i ovenuo 
of $29,300 (123,000 M), but at a cost of $59,500 0250,000 M.), 
for sulphuric acid. 

The pressed cakes contain, in addition to from 30 to 40 per cent. 

of water, from 15 to 25 per cent, of grease, and arc used for fuel; 

for, as has been stated, they are not suitable for use as a fertilizer 

on account of the grease In an oxpeiimental plant one part of 

it is worked over for greaso by heating the sludge cakes in retorls 

to 600 F. (315 C ) in order to distill the grease. Thw is then 

drawn up by suction and condensed when it is almost as valuable 

as when first obtained. The gas water obtained is treated for 

, ammonia at the gas plant while the pulverised residue, containing 

JL.5 per cent nitrogen, serves as a fertilizer. 

^If the liquid wastes from wool scouring and cloth finishing 
plants are treated separately, the grease recovered sometimes 
pays for the entire cost of purification. It it of advantage to 
treat the sludge from several factories in one plant 

The great disadvantage in treating largo volumes of watery 
sludge, as at Casscl, especially the heating, may bo lessoned if 
the grease is extracted by itself from tho main body of the sludge, 
as is done with tho floating layer in the Kramer apparatus. It in 
impossible to prevent a part of the grease in the bottom layer 
from being lost, but the value and amount of grease in city sew- 
age is not so great as to make one lay great stress on this fact. 

It is much more important to keep the rest of tfee sludge as free 
from grease as possible, as it is then more suitable as a fertilizer 
and for fuel and can more readily be rendered inoffensive by 
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decomposition The removal of grease is also of advantage in 
connection with inigation and final biological purification. 

The layer of grease in the Kiemer apparatus, containing an 
average of 72 per cent, moisture and about 45 per cent grease in 
the diied material, is placed in a peifoiated vessel for further 
diymg, and in small plants can be given directly to soap manu- 
factureis, who are glad to get it If several places with such 
anangemcnts for obtaining the grease from sludge are located 
near each othei , the sludge can be delivered to a single plant for 
the furthei extraction of the giease withe tetra-chlonde of car- 
bon. With cities of 45,000 inhabitants and upward an independ- 
ent plant for woi king over the sludge is warranted. 

$. thorough exti action of the grease should be aimed at for 
economical reasons, for, assuming that 16 1 Ibs. (7.3 kg) per 
capita reaches the sewage each year, and that about 15,000,000 
people in Germany live in cities having sewers, about 121,000 
tons (110,000,000 kg ) of grease are lost annually 

c VARIOUS OTHER METHODS OF DISPOSAL 

Aside fiom mixing sludge precipitated by lime with clay to 
make cement, or settled sludge with loam to bake into bricks 
(these methods having little economic value on account of the 
cheap price of good cement and brick, but being, neveitheless, 
employed to a considerable extent) we will here mention briefly 
methods for disposing of it without utilization. 

Sludge is f i equently used, after it has been dried, for filling in- 
land, sometimes with the addition of slag or sand. The residue 
from grit chambeis is particularly adapted to this puipose, as it 
contains but little organic matter; and, in paiticular, septic 
sludge, as it has but little heating or fertilizing value, and is not 
subject to offensive decomposition. Very greasy sludge can 
often be used in this way only, as it is very difficult to diy. 

Depressions in the ground, abandoned sand or gravel pits, 
the dry beds of streams or shores of rivers (Elberfeld) are the 
best dumping grounds. 

This method of disposal is much used at Leipzig, where about 
163,000 PU. yds (125,000 cbm.) of wet sludge are annually dis- 
posed of in sludge beds of about 21 acres (8 5 hec.) By using 
an old stream bed lagoons are formed by earth embankments, 
into which the sludge is pumped to a depth of 15 ft. (45m). 
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A scum forms on top which at lust breaks, sinks, Jinil lh< 1 liquid 
linen to tho surface This gradually evu.point.es, the sludge l l - 
comes fii'mcr and aftci lying lor some yeais in in pai I. carted off. 

In the case of cities on tho coast the sludge can he carried 1o 
sea, as is done in many English cities London, Manchester, 
Southampton, Dublin and CJhisgow London, at Haiking, 1ms 
the best ai rangemcnt for tins The sludge is there pumped into 
large sludge tanks, as its lemoval is sometimes intei rupted by 
fog, and the water rising to tho top is drained off. Six steam- 
ships having a capacity of 1300 c-u yds (1000 cbm ) each am 
used to cany the daily accumulation of about 7SOO cu. yds. 
(GOOD cbm) of sludge to about 50 miles (SO km.) beyond the 
mouth of tho Thames, wheie, in order that it may be washed 
further out, it is dumped shortly after low tide. 

In other cities vessels with a capacity of from 7HO to 1300 
cu. yds (u'00 to 1000 cbm ) are used, but they do not have to go 
so tar out At Dublin the sludge is dumped but 2.2 miles 
(3 5 km ) from shoic 

Considered from a sanitary standpoint this method is freo 
from objection as the sludge is at once rendered harmless, but 
its valuable constituents are lost and tho cost of disposal is quite 
large Including loading the vessels, interest and sinking fund 
charges, and harbor taxes, this amounts to. 

7 2 cts per ton ( 34 M per long ton), at Cllawgow 

8 9 cts. per ton (.42 M per long ton), at. Dublin. 

10.0 cts. per ton ( 47 M. per long ton), at London (Barking;). 
12.3 cts per ton (.58 M. per long ton), at Manchester. 
29.7 cts. per ton (1 40 M. per long ton), at Southampton, \\ here 
the removal is done by contract. 

Septic sludge is disposed of in a peculiar way at Columlnw. 
During high water it is dischaiged into tho Hcioto River which 
passes the purification plant. The dilution is about 1 : 800. 
AH it can only be discharged at high stages of the river the sludge 
remains in the tank through tho summer (about 8 months). 
As septic sludgo is not offensive no objection can bo made to 
this method so long as no deposits accumulate in shallow phu'PH. 
It may be adopted near bodies of water in which there is no title. 



CHAPTER VI 

CONSIDERATIONS REGARDING THE TREATMENT AND UTILIZATION 
or SLUDGE IN THE CHOICE OF A METHOD OF CLARIFICATION 

The requirements of the different methods for removing sludge 
from tanks and drying and utilizing it have already been con- 
sidered m the sepaiate foregoing chapters, as well as the advan- 
tages and disadvantages of these methods 

In order to utilize the pioduct profitably it Is necessary in 
planning the work to give due consideration to the method of 
tieatment and its utilization 

If it is appaient from what has been said heretofore that the 
processes for the treatment and utilization of sludge have been 
developed to such an extent that there is no necessity to i educe 
the degtee of purification through apprehension of a troublesome 
sludge burden, yet the mistakes that have been made due to an 
insufficient study of the sludge question and an undei estimate of 
its importance can geneially be rectified only by a large outlay 
for improving the mode of opei ation 

The composition of sludge has, up to this point, been accepted 
as something definite. If it is not possible for an engineer design- 
ing a clarification plant to radically alter the character of the 
sludge, he can at least modify it to a ceitain extent in his choice 
of a method and m peifecting its details, especially those features 
which are of consequence in and materially facilitate subsequent 
treatment and utilization 

The necessary degree of clarification is, of course, the funda- 
mental consideration to which the treatment of the sludge must 
defer But by measurement of the sludge the solution of the 
problem can be made easier, if a removal of the foul matter from 
the sewage be required up to the absolutely necessary degree, 
depending upon the composition of the water into which it is 
discharged and special local conditions; for with the reduction of 
the quantity of sludge the difficulties of disposal will diminish as 
well as the expense, which is always a hinderance to a hygienically 
desirable and thorough purification. The more complete the 
purification the greater the amount of sludge deposited 

. in 
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After the experience of the past in the utilization of sludge, 
(and theie will be but few impoitant developments in the futuio) 
no more foul matter will be separated from the sewage than is 
demanded for sanitary reasons, without attempting to further 
increase the volume of utilizable sludge, for it is certain that with 
city sewage no profit can be secui ed sufficient to cover the cost of 
the plant and furnish additional i evenue. 

The amount of sludge to be looked for should not be under- 
estimated, and it is therefore advisable to assume the maximum 
values given. 

The effort of the designer should be to so arrange the methods 
and apparatus for removing sludge from tanks, for reducing the 
water content and foi utilization and so to select the method, 
that the sludge may be rendered harmless according to the 
demands of sanitation and at the least cost He should examine 
carefully into methods to see if aomething simpler will not lead to 
the same lesult, or whether a slight increase in cost may not be 
more than offset by the avoidance of some complicated process. 

It is not possible without much repetition to mention here and 
describe further all the combinations which follow from con- 
siderations of the efficiency of clarification, of the composition of 
sewage and of special local conditions, such us available room, 
relation to populous districts of the city, etc. Only a few im- 
portant points will therefore be emphasized 

The principal aim should be to obtain little sludge, or, what ia 
the same thing, as the amount of dried material to be separated 
corresponds to the clarification effected, sludge with as little 
moisture as possible. The reason for this is stated in several 
places. 

If the degree of punty required is high, this should bo obtained, 
not by reducing the velocity in the tanks, but by passing through 
contact beds or over irrigation fields. 

The construction of the tanks and the mechanical appliances 
for removing sludge during operation should be examined pri- 
marily with reference to the amount of water contained in tho 
resulting sludge, and especially where little room is available for 
drying beds and where the general conditions, as well as the daily 
volume of sludge, render de-watering by centrifugal machinert 
impracticable, the disadvantages of removing sludge during 
interruption of operation should, in some cases, be accepted. 
Digestion of sludge in Emscher tanks may at times be an advan- 
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tage, especially in small installations, where there is a great saving 
in labor, as the sludge need not be removed daily and this is 
easily done Still simpler is the treatment of sludge in septic 
tanks of ordinary construction, but other disadvantages, such as 
the necessity of subsequent cleaning, as well as the storing up of 
great masses of decomposing matter in the neighborhood of 
inhabited dwellings, etc , often stand in the way of their use 

Sludge should be obtained in such a condition that it is suitable 
for diying and subsequent utilization, as well as for lemoval 
from the tanks. For this reason it is necessary to free it from 
grease and cellulose This is best accomplished, especially with 
greasy sewage, by the separation of these substances from the 
sewage There is economy in i eco vermg the grease from settled 
gieasy sludge The preliminary separation of the grease is 
especially desirable in the case of contact beds, sand filters and 
iirigation fields. 

As to drying, which proceeds more lapidly after decomposition 
and the extraction of grease in the open, the use of remote sludge- 
drying beds is often to be recommended. 

With artificial methods of diymg, centrifugal machines seem 
open to much improvement. Here it is a question of reducing 
the cost of the apparatus for drying by simplifying the centri- 
fugal machine, of which perhaps the one constructed on the prin- 
ciple of a cream separator might be improved. 

De-watering by filter-presses need be considered only in 
special cases, as, on the one hand, sludge without the admixture 
of other material is not adapted to this tieatment, and on the 
other, it is not economical to add this merely to secure a sludge 
capable of pressing, especially as the volume of the sludge is 
thereby increased. 

Many experiments have been made in the utilization of sludge 
and many processes have never passed beyond the experimental 
stage, so that it is as yet impossible to judge of them. The 
author has gone into these experiments with care, as it is only 
from them that opinions can be drawn as to any possible develop- 
ments that may reasonably be Ipoked for from the active interest 
taken in the matter. 

From a sanitary standpoint the goal to be aimed at is the 
quickest possible removal of the sludge and rendering it harmless 
and this is likewise true regarding its disposal and drying As 
this is not possible without expense, economy demands the 

8 
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complete utilization of the valuable materials in the sludge to 
reduce the cost of treatment,, or at leant the expense oi rendeimg 
it harmless 

If the firat case seldom occurs, as shown in Chapter \', there 
is a saving in giving the sludge away to faimein \vho are \\illing 
to take it. Using sludge as a fertilizer is the best way to ulili/e 
the valuable ingredients, which are eonstanlly mi-reused in 
amount by the general extension of sewerage The nitrogen in 
particulai is conseived, for the production of which ne\\ source* 
and piooesses are being constantly sought, \vhilo bv burning 
this is lost The extraction of grease is always of advtintage 
when used for agricultural purposes 

Irrigation simplifies the tieatment of sludge. 1 t should, 1 lieiv- 
fore, always be employed wheie the conditions render il possible. 
It answers the aame purpose with respect (o the utilisation and 
rendering inoffensive of the impure material as does irrigation 
with sewage, which is the boat method as to its icmoviil nnd 
utilization. 

Incineration as well as the production of gas which latter 
process can and will be improved aie the methods of utilisation 
indicated where clarification is brought about by the addition 
of coal or peat. 

The addition of coal to ordinary sludge to facilitate eom- 
bustion seems advisable in a few cases only, but mixing \\ilh 
house sweepings for the same purpose is to bt commended; 
only, however, in case tho sludge cannot be disposed of in mmm 
cheaper and simpler way. 

Particular emphasis should bo laid on the greatest, nimplicity in 
the method of utilizing sludge. 

Extracting grease, according to the present status of method** 
employed, can only be done with economy where thin is dime 
by itself in connection with particularly greasy sludge. 

A brief summary of the principal processes in their relation 
to the treatment and utilization of sludge is givcm here. No 
consideration is given to their various advantages or disadvan- 
tages, as has been done generally in this treatise. 

The points considered are. 

a. Composition and amount of sludge. 

b. Methods of removing sludge. 

c. Adaptability of sludge to drying. 

d. Possibility of the utilization of sludge. 



TRKATMKNT AND UTILIZATION OF SLUDGE 115 

In this In lof space the vaiious modifications of method, which 
aie voiy gieiit in sedimentation processes, cannot be treated 
The leadei is i of CM red to Chapters III and IV 

1 Out Chambeis 

a Small amount, composition and moistuie contained, de- 
pendent on design and operation, in genoial favoiable 

1) Removal of sludge, with and without mten uption, without 
h>ul odors. 

r Special ainmgemcnts for de-watering unnecessary 

d Very little value, chiefly foi filling land. 

2 Mesh and bar scieens 

a Small amount and little moisture. Putrescible 

b Simple separation in fiesh condition, 

c Special an angements foi de-watenng unnccessaiy 

d Good sale as a compaiativelj r valuable feitilizer. 

3 Sedimentation m Tanks and Wells 

a Laige volume and much moistuie, especially with wells and 
t aiikn where removal occui s dm mg opei ation Very putrescible 

b. Removal of sludge favoiable 01 unfavorable, accoidmg to 
the special const niction In tanks, usually with mten uption of 
operation and foul odors, in wells more favorable but with laiger 
volumes 

o. Laige plant for diymg nccessaiy, as sludge is not always of 
favorable character. Foul odors only avoided by mechanical 
appai atus. 

d Useful as a feitilizer, but less so than from screens and less 
leadily disposed of on account of the laige volume 

4. Chemical Precipitation 

a. Very huge volume Not very putrescible 

b. As in the case of ,'ib, but with less odor 

c De-watering pi acticable, also in filter-prcsbeb , little nuisance 
fiom odors 

d. Of very little use 

f) Lignite process. 

a Very large volume \\ith much moisture. Not putrescible. 

b. Removal during upei ation without foul odors 

c Dc-watermg m filter-presses or in the air quickly and with- 
out odor 

d. May bo utilized by burning or conversion into gas 

0. Septic tank process 

a. Small volume. Little moisture. Non-putrescible. 
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b Little nuisance from odor, depending upon the method of 
removal. Intenuption of operation 
c Favorable consistency for diymg 

d Slight utility, as calonfic and fertilizing values are reduced. 
7. Emachei Tanks, 
a As with 6 a 
b Removal during operation without foul odors 

c. As with 6c. 

d. As with 6d. 

8 Kremer Apparatus. 

a As with 3a, but more favorable composition due to the 
exti action of grease 

b Removal during operation, when Kludge with lens moisture 
than with 3b is obtained, on account of tho absence of grease. 

c For the same reason, favorable consistency for de-watering. 

d. Gieasy sludge favorable for tho extraction of grea.se; 
sludge at the bottom, on account of little grease, more favorablo 
for fertilizer than ordinary settled sludge 

Biological treatment, intermittent filtration and irrigution 
are omitted, as they have been in the entire treatise, because, 
sludge here plays an unimportant r61e and its treatmeiit depends 
entnely upon local conditions and the method of operation. 

CONCLUDING REMAKKS 

There are many methods for the treatment and utilization of 
sludge and it would be a mistake to set up any one method as 
best, for each has its advantages and each its faults, and theno 
have weights varying with the local conditions. Certain elmriLc- 
teristics and arrangements may prove of great disadvantage in a 
large city while well adapted to a small town, and vice verm. 

The choice must be made to suit the local conditioiiH and in any 
given case these must make necessary corresponding modifica- 
tions of plan. 

If this is not observed we have the case so often met with of a 
method adapted to one place and working admirably, failing 
entirely at another. The blame is then usually laid and partly 
with reason to an overestimation of the special invention; for it 
is frequently observed that inventions otherwise useful and tho 
leaulta of experiment lose their value by being generalized, and 
naturally are not carried out under the same conditions. 
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The best solution of the sludge question can only be found by 
study of the individual case, and firmer foundations laid by 
furthei experiment and the practical application of the various 
methods 

A sanitary and economical treatment and utilization of sludge 
is of importance for each plant, and one can but agree with 
Metzger when he concludes his report on this question at the 
International Congress for Hygiene and Demography at Berlin 
in 1907 with the sentence "The treatment and utilization of 
sludge are of such great importance that no plant should be 
completed until all the questions of subsequent treatment have 
been finally answered and settled by avoiding the conditions 
known in principle to be evil." 
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INTRODUCTION 

The Sludge Question. The difficulties encountered to-day in 
treating sludge he less in the methods employed than in the 
characteristics of the sludge The liquid masses of sludge 
obtained from sewage can neither be utilized nor left at the plant, 
and, as a rule, cannot be removed without great cost. 

In England, where the question of sewage purification was 
first considered on a large scale, on account of the small volumes 
of water available into which it could be discharged, and where 
every large city has its disposal plant, the sludge question has 
L>ecome most urgent. The editor of The Surveyor has recently 
said. 1 

"The solution of the sludge problem is the most pressing 
question of the day and a little practical assistance in this direc- 
tion from our scientists would be of much greater value than 
all the learned dissertations on theories and doctrines with which 
\ve have been favored in recent years." 

The well-known authority, Barwise, has expressed a similar 
opinion 2 

That the importance of these questions has been recognized 
In Germany for some time was shown by the reports presented 
at the Fourteenth International Congress of Hygiene and Demog- 
raphy, held in Berlin, City Engineer Metzger (Bromberg) said 
fchere: 8 

"The many attempts to purify city sewage in the past, with 
fche great activity that has been shown in relation thereto, 
would have led to better results if the resulting sludge were not 
a troublesome accompaniment, interfering with any satisfactory 
solution . In most towns the removal of sludge was 

a bete noir, and many plants would have produced a more favor- 

* The Surveyor, 1909, No 886, p 27 

8 Sydney Barwiae, Med Officer of Health. The Sanitary Record, 1009, p. 122. 

3 Ges Ing , 1908, No. 4, p 50^53 
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ajjlc impression if it, had not been foi the iiiounlamh of del ill us 
It was realized at hist that nil attempts lo utili/e sludge had 
led to unsatisfactoiy lesults 

"The lemoval and utilization ol sludge is ot .sut-li mipoitiiiici' 
that no plant should be completed unlil ,ill (iiie.stum^ of handling 
sludge while avoiding the known nuihiinres HI c lnudly decided " 

The principal tiouble lies in the lar^e amount ol \\alei, which 
is so difhcult to icmove Attei it hius been remoxcd liom I he 
plant the sludge contains at leant 70 pel cent , tisualh !)() to !!."> 
pel cent, and occasionally 99 per cent, of moisture and i.s :i 
liquid mass Every nmnipulation oi Ihe malenal, uhel hci 
with the view of utilization, storage or lemoval, is rendcicd nime 
difficuTt and expensive by Una ballast of water. 



THE DRYING OF SLUDGE 

CHAPTER I 



NECESSITY OF DRYING 

Utilization The value of sludge lies in the organic matena 
contained in it Heretofore this has been used as a feitihzer, b^ 
recovcimg the contained grease or by converting its calorific 
value into heat 

Fertilizing Value Its employment as a fertilizer has beer 
most widespread. In small plants in an agncultuial region the 
sludge can bo disposed of and it is often possible to secuie a smal 
revenue therefiom, especially where the soil is dry and sandy 
In large cities the fanners will seldom take the sludge when it is 
wet. They usually demand a spadable pi oduct 

The following example shows what difficulties were encoun- 
tered in disposing of wet sludge even a few yeais ago 

The (Jity of Edinburgh, 1 Scotland, in the year 1892, sent 1521 
circulars to farmer in the neighborhood asking for proposals 
to take 58,100 tons (51,900 long tons) L.C., the accumulation 
of a half year. 

Only 47 bids were received and all witk the condition that the 
city pay foi transportation, some even demanding a bonus foi 
each ton removed. 

Other large cities without suitable land for irrigation fields 
have had a similar expedience. The farmers either refused to 
take the wet sludge or demanded compensation. 

Dried sludge is more suitable for use as a fertilizer, but the cost 
is usually greater than the amount received. There are, to be 
sure, sorno exceptions. In Kingston-on-the-Thames 3 (noai 
London) , sludge obtained by the A. B. process (alum, blood, 
coal) and then dried by heat, was sold as "Native Guano" foi 
about $15 10 per ton (70 M. per 1000 kg.), a price strangely in 
contrast to ail other results 

1 gentralblatt dor Bauvartoaltwig, 1802, No 22, p 240 
"* DpujUs, Sanitary Rwprrf, VoL XL, No 97 J, p. 424. 

' " ' - ' ' l23 
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Charlottenburg 1 , where an annual amount of about 23,030 
cu. yds (18,070 cbm ) of spadable sludge is obtained tit tho irriga- 
tion fields at Gatow, receives but 5 3 cts pei cubic yjud (30 pig. 
per cbm ). More than 9.1 cts per cubic yaid (50 pfg. per cbm.) 
is seldom paid and this, usually, only during the first years of 
operation As soon as the farmers realize that the sludgo must 
be disposed of they will offer nothing, and sometimes oven 
demand compensation 

At Frankfort-on-the-Main the greatest difficulty was experi- 
enced merely to get nd of the spadable sludge The large con- 
sumers demanded pay for cartage and the furnishing of labor for 
loadmg and unloading. 

At Cassel 2 sludge composted with sweepings is given away. 

At Leipzig, 8 also, where sludge is obtained by precipitation 
with iion salts and is comparatively cheap to dry, and where 
12 cts (50 pfg ) per load is received, or, from the lessees of tho 
city, 6 cts. (25 pfg) [where they do their own loading, (i i-ln. 
(25 pfg ) less] there have been paid for the cartage of dried Hludgo 
from its places of deposit and received therefor. 4 





Paid for cartage 


Received for Hludgo and 


Year 








S 


M 


$ 


M 


1905 


5,509 51 


23,149 22 


20 70 


112 20 


1906 


7,373 75 


30,982 15 


70.87 


323 00 


1907 


7,308 64 


30,708 56 


81 40 


312 00 



As the expense of cartage from the drying beds represents only 
a poition of the costs chargeable to sludge there being, in 
addition, the establishment and maintenance of the drying l>edn, 
erecting a structure for loading, which appears in tho budget for 
the year 1905, $2,483.68 (10,435.G4 M.), besides interest und 

1 Geh Mad -rat Prof Dr Salomon, Die aludtiaoho AbwasHorboaoitlEunir in DoutHohliuul 
Vol II, p 186 

3 Stadtbaurat Hfipfner and Dr Paulmann, Die SdunutewasserroinlnsungBarilaiiBe dor 
Stadt Kaaael Vierteljahrsachnft /r genclUl Medinn und dffenthckea Sunitdtaweitcn, 
1900 

3 Inspected Deo 7, 1908 

* Official report of the <nty of Leipzig 
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sinking fund charges this example shows how little we can count 
on a piofit from the fertilizing value of sludge. 

One of the principal difficulties in the use of sludge for f aiming 
purposes is the fact that fertilizeis are usually used only during 
the wintei months. As soon as it became possible to produce 
from the sludge a firm fertilize! the feasibility of its transporta- 
tion was increased The city of Frankfort-on-the-Main has 
made experiments in this direction, and manufactured poudrette 
in order to ascertain the cost of the piocess. Drying was neces- 
sary for this also. It was found, however, that even when it 
could be sold at market prices the excess in cost of manufactuie 
amounted to $71,400 (300,000 M ) per annum 

The farmers object to using fresh sludge on their fields con- 
stantly because of the nuisances which arise therefrom Some- 
times it causes vermin to appear, it frequently biings the seeds 
of weeds and always much grease and cellulose. The latter 
makes the soil slimy, as has often been pi oven. 1 Efforts were 
then made to separate and destroy these matenals, or at least to 
utilize them, especially the grease. 

Utilization of Grease. Sludge contains grease in varying 
amounts. It comes in sewage from wash water and other 
domestic refuse, from slaughter houses and from soap suds, and 
hence is found in the sludge. Based upon the dried mateiial 
there was found in Ltittich 3 18 per cent., in Cassel 8 15 per cent , in 
Frankfort* 16 71 per cent. In Harburg 6 14 2 per cent, in raw 
sludge and 8 5 per cent, in centrifuged sludge 6 

No use has as yet been discovered for the grease obtained from 
sludge The large amount of water contained renders it too 
costly. The experiment at Cassel is well known At a cost of 
$47,000 (200,000 M ) a reduction plant was built where grease 
was recovered by the use of benzine after most of the water had 
been removed by filter presses, and the residue was used as a 

1 Dr Jj Haack, Berlin Verwertung und Boseitigung des Klarsohlammos aus den 
IlelnlgungBanlnffou etMtisohor Abwasaer Goaundheitsmgeaieur. 1908, p 53 

J Dr Lncomble, Lo sont des ra&tieres grasses, etc Revue de Phygieno et de police soni- 
tulre 28 No 10 

* Htadthaurat Hflpfuor and Dr Faulmann, Mitteilungen aus der Kg] PrGfungaanstadt fur 
Waaaervera orgung und Abwflflaerboseitigung zu Berlin Pub. by Aug Hlraohwald. Vol I 

* Dr Boohold and Dr Voss, Zur Fettgewinnung aus Abwasaorn Zeitachr f angow 
Ohemio, 1908, p 1318 

6 Rogiorunuabaumeiater Reiohle and Prof Dr Thiesmg Versuche mlt dem Schlomm- 
sohlouder apparat Sohafer-ter Moer Mittoilung a. d Kgl Pruf Anst f Waaaervera, 
UHW Vol X, p 190 

"Ditto, p 154. 
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fertilizer From 05 cu yds. (50 cbm ) of Avet sludge ( 1/2 cu > d*. 
(5 cbm.) of dry sludge was expected, tioin which 1050 Ibs (.750 
kg) of ciude giease and 10,750 Ibs. (4SS5 kg ) lerlilmng sludge 
was looked for The hitter A\as estimated ul, 32 1/2 els. per 
100 Ibs (3 M per 100 kg ) to be worth I-'M- SS (1 10 55 M.) From 
the ciude grease 900 Ibs (450 kg.) refined giease uas utilized, 
which was estimated, at $4 S7 per 100 Iks (15 M per JOO kg ) 1o 
be woith $48 20 (202 50 M ) , and 405 Ibs (225 kg ) of tsirr.\ i esidue 
which was estimated at 41 cts por 100 Ibs (2 M per 100 kg.). 

The total levenue fiom (i5 eu. yds. (50 ebm ) wet sludge \\iis 
theiefoie estimated at $SS 14 (.'{5H.55 M) In spite or (Ins 
the expenses \voio greater than thu receipts, and the plant uas 
abandoned and taken down One reason for the luilmv, a.side 
fiom r the high cost of drying, was (hat the groase obtained \\as 
not marketable, 011 accounl, of its disagieeable odor. 

At Fiankfort Beehohl and Voss have inside* a very thorough 
study of the question of grease i ecu very, aceompanied by many 
experiments They avoid expensive drying and extract the 
grease from the Avet hhulge Avith benxine after treating with acid 
and heating to 140 to 15S V. ((10 01 70 (' ) Aside from the ex- 
perimental plant, which is said to have gn en good results, the 
method has not as yet been introduced 

Experiments aie also IIOAV being made by Dr. Clioasnijmii at 
Oldham, near Manehestei, to demonstrate the practicability <>f 
his method of recovering grease from sludge by distillation with 
steam. The method of Dr. (Jrosse-Bohle (Cologne) 1 by which 
sludge was heated to 122 F (50 (' ) to obtain the grease from 
the resulting scum has not yet been successful on a, large scnle. 

If a substance contains 15 per cent, of grease, as is the ense 
with the dried matter in fresh sludge, us shown by the smalyses 
already given, the possibility of a profit, is assured. As sludge 
contains from 90 to 95 per cent, of water, however, these figures, 
based on the A\et material as delivered, will be materially de- 
creased 15 per cent, of grease in the dried material is only 1 ,"> 
per cent in the sludge 90 per cent, moisture, and 8.f) pc*r cent, 
(centrifuge sludge from Ilarburg 8 ) is only 2.84 per cent, in sludge 
with 72.5 por cent., moisture. The water is hero again the great 
stumbling block to utilization The prospect of utilizing tho 

1 Hofrat Dr Frledrh'h, Kulur(i.phmshir Wonsorbnu Uiicl Ktl Vo! II, p. 182 
J Inspected May 9, 1008. Hoo also J)r lag Bruno Hoine, Daw Kuitalfiatlnnnworli I|IT 
Stadt, Cflpeniok Genundhoit, 190U, No 10,23 
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giease contained would be greatly increased by some cheap 
method of diymg 

Utilizing the Calorific Value of Sludge The drying of sludge 
is absolutely necessary to obtain its calorific value Two 
methods of doing this have been attempted by direct com- 
bustion and by conversion into gas Sludge without some 
addition is seldom combustible, even when thoroughly diied 
Experiments made and the plants constructed so fai deal ex- 
clusively with mixtures with dust 01 else sludge piecipitated 
with combustible mateual (coal or peat) At Copemck 1 and 
Potsdam 2 lignite sludge obtained by Degener's method (ground 
lignite and sulphate of alumina were thoroughly mixed with the 
sewage to be clarified) was used In Copemck the pielimmary 
drying is accomplished in sludge tanks, the next step takes place 
under a large shed after removal and it is finally di led out at the 
feed openings of incmeratoi s The heat genei ated is transformed 
into electricity by steam power In Potsdam the sewage is 
clarified in towcis (Rothe-Degener piocess) and the precipitated 
sludge is diied in filtei -presses, made into briquettes and in part 
sold as fuel and in pait used in the generation of electncity as at 
Cope-nick In both cases coal is added to the sludge 

Efforts to obtain the calorific value fiom Pilch lignite sludge 
have frequently been made, e.y , by Heine 8 in the central office 
of the General Electric Co , at Berlin, and by Schury and Bujard 4 
(peat clarified sludge) which have furnished good results. 

Gohring, 6 as well as Heichle and Dost, have published ex- 
peiiments on the conversion of sludge into gas Other expcu- 
ments of the kind have been made at Manchester 7 No attempts 
to introduce this process on a large scale have been made 8 

1 Idem 

J Irinpoctod May 8, 1008, and Nov .28, 1008 

"Dipl-Iiig Bruno Home, Nober die Erzougung eleotrwcher Energie niit Hilfe \on 
Kanalumiiniiukldreahlunun Dissertation Tbch Hoohschulu, Berlin 

4 Ilo|rioruiiKHbauni(>iflter Schury uncL Dr Bujard, TorfbreiklarvorHuch dor Stndt Stutl- 
Kiirl in dur Kohlebrci klUrunluga zu Tegel Mittoilungun a d Kgl Pruf -Aunt f WOH- 
HorvorN UHW Vol VIII, p 1 U 

CJ. F OCiIiring Buitr&go zur Iloudguiig \on atadtiHohoni und Fubnkubwoauer Leipzig, 
1001 

" RotrioninjjHbuumplHtur lUaohlo und Dr Dost Uolier hohluminvon\ertuiiK duroh 
VorgUHUiiff, inHliMoiidoro helm Rotho-DogenerHohon Ki)hlhrcivorfahron Mittoilung a d 
Kgl Priif f Wtwworvora u AbwAssDrboH, Vol VIII, p 148 

7 13 aural BrodtHdhnoider und Dr Thmniti Die AbwacworraniKUiiK in Englnnd Mit- 
toilungn d. K(jl Pruf -Aunt f Waoserv usw Vol III, p 93 

* Aufafttze ubor Sohlanimverbrennung und VergaBung Biehe R Frank, Vorgnaung von 
Abwaaserkiarsohlamzn CJea. Ing, 1807, p 465, and Koschmleder, Tech Gem 1005, No 
19 
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Sludge is mixed with sweepings and burned in several places, 
as at Bury, 1 where the sludge dried by filter presses is mixed 
with street sweepings in the proportion of 1 .2 and burned in 
Horsfall furnaces This is also done at Hyde. 2 A large plant 
of this kind has recently b^en put up at Frankfort, but the proc- 
ess does not appear to be economical An annual deficit in 
operating expenses of $17,612 (74,000 M ) was expected at the 
outset 3 as compared with the former minimum outlay for sludge 
disposal, $6545 (27,500 M ) The burning of sludge has also 
been planned at Pforzheim 4 

The advantages of this method are undeniable One is no 
more dependent on the good will of the former The disposal 
of the sludge is assured and the nuisance overcome No other 
method is so sanitary. Its general use is, however, prevented 
by the cost of drying. Here, more than with other methods, 
it is clear that the sludge question ia essentially a question of 
drying. 

Removal. Dumping at Sea. As long as drying is so expensive, 
the burning of sludge may be classed with those methods of 
disposal in which no profit can be expected, and of these, it is 
the most costly. According to the Royal Commission on 
Sewage Disposal 5 the cost of drying and burning is estimated 
at 35 7 cts. (1.50 M ) for one long ton (1015 kg ) of wet sludge, 
while carrying it to sea costs but about 3.6 cts (0.15 M ) when 
the distance is not too great. These methods are in use in 
London (Barking and Crossness 8 ), at Manchester 7 and at Salford, 8 
and are proposed for several other places, e g. } Belfast Cities 
not situated directly on the sea can use this method (those 
directly on the shore discharge their sewage untreated into the 
water, as at Copenhagen) provided there is some direct waterway 
to the sea and that the distance is not too great, otherwise the 

1 Dr Ing Sobiele Abwasaerbeseitigung von Gewerben, etc. Mitteilungen a. d. 
KgL Pruf -Anst. f Wasserv usw. VoL XI, p 172 

"Idem, Vol XI, p 781 

'Stadtrat Kolle und Stadtbamnspeotor Uhlfelder Denkschrift fiber den Bau emer 
MuUverbrennungsanBtalt zur Unachadlichmachung der Hausabfalle und dea Klarbeoken- 
schlammes in Frankfort a. M , p 25 

* Stadtbaumeuter Herzberger und Dipl -Ing Morave Projekt eraer MuUverbrennung- 
sanstalt mit IQArsehlammtzoeknung fur die Stadt Pforzheim Oes.-Ing, 1007, No. 40, p 
610 

* Royal Commuaion on Sewage DupoaaL 5th Hep. London, 1908 Wyman and Sons, 
Ltd. 

* Inspected May, 1907 

7 Inspected Sept. 14, 1000 

8 Inspected Sept 14, 1000. 
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charges for transportation are excessive At London the dis- 
tance is about 62 miles (100 km), at Manchester and Salfoid 
50 miles (80 km ) London has a whole fleet of sludge steamers, 
each of which holds 1120 tons (1000 long tons) and costs $142,800 
(600,000 M ), besides large iron tanks wheie the sludge is stored 
until the arrival of the steamer Manchester and Salfoid have 
each one steamer Three trips a week are made on an average. 
A 670 ton (600 long ton) steamer cost $57,120 (240,000 M) m 
1895 for Salford. Removal there costs about 17 cts per ton 
[80 pfg. per long ton (1015 kg)] of wet sludge, in Mauchestei, 
in 1902-3, 16 6 cts per ton (78 pfg per long ton) l 

Influence of Drying on, the Cost of Removal The following 
considerations show how the removal of water i educes the 
cost of every method of disposal where there is a question of 
tiansportation if 95 per cent is reduced to 90 per cent, there 
will be 9 parts of water to 1 part of dried matter, where before 
there weie 19 There is, then, only 1/2 the oiigmal quantity 
to dispose of, with SO per cent, 1/4, with 70 per cent, 1/6, 
with 60 per cent , 1/8; and with 50 per cent , 1/10. As fresh 
sludge with 70 per cent , and septic sludge with 60 per cent, 
moisture, has attained a consistency where it can be handled, 
like damp earth, and can be carried in any kind of wagon, drying 
to this point has a great advantage 

Placing on Land. Drying is usually necessary when land 
instead of the sea is used as a dumping ground, partly on account 
of the smaller cost for transportation, which is much gi eater by 
land than by sea, partly to avoid the foul odors from the piled 
up sludge Wet sludge, especially from sedimentation tanks, 
emits a very foul smell after a short time, which can be recog- 
nized for a Jong distance By drying until it can be spaded 
this difficulty is overcome 

This is done at Hanover 3 after de-wateiing.-by a centrifugal 
machine 

The drying of sludge is necessaiy to reduce the cost of tians- 
portation and to obtain its calorific value. It frequently lenders 
it available as a fertilizer. All nuisances and costs occasioned 
by sludge would be reduced to a minimum if a dry product 
could be obtained. In the main, therefore, the sludge question 

1 G Ash ton (Mancheatert Disposal and Utilization of Sewage Sludge. Surveyor, 
1904, p 320. 

Inspected Nov. 18, 1907, May 6 f 1908, and Nov. 21, 1908. 
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is a question of drying Sludge, liowevei , has a gteat aversion 
to drying 

METHODS OF DUYINU DIKKISUIONT KINDI-. OK Si,iin<;K 

Classification of AFcthodx. Different methods oi clunliciiliou 
produce different kinds of sludge These .show \t l iy ilillen-iil, 
c'liurjicteristica, cwpocuilly in tho injit.k'i 1 of iliyni^, 

Mcchamctil methods of c'lanfym^ <"i'i he di\ uled inio 'Mresli 
niethodH" and "hcptic metJiods," an refianls I lie linal coiulilion 
of water and sludge In the first, putrefaction is pievenied in 
order to keep the Beware fro.sh, in the second il is promoted lo 
digest the sludge Between the (\vo is the ICmscher method, 
or similar ones, where the sewage is kept fresh, but tho sludge 
ia subjected to thorough decomposition. 



CHAPTER II 

OF FRESH SLUDGE 



Souice Arrangements used in the fresh methods (sedimenta- 
tion and piecipitation) aie in general a widening of the cross- 
section of the channel, by which the current is retarded. Mater- 
ial which is capable of settling is thus given the opportunity 
These arrangements aie in the foim of tanks (horizontal move- 
ment of the watei), or wells or towers (vertical movement) 
The water, as a rule, takes from 1 to 4 hours to pass through. 
Sludge which settles on account of its weight (plain sedimenta- 
tion) or whose separation is increased or facilitated by the addi- 
tion of chemicals to the sewage, causing the flacculent matter 
to settle (precipitation method) is removed before it putrefies. 
Tanks for this purpose are usually entirely emptied Wells 
and towers aie frequently so arranged that the sludge can be 
icmoved under water by pumps or vacuum receivers without 
interruption of operation. 

Charactet istics of Fresh Sludge. Fresh sludge is marked by 
the great amount of water contained. This is 90 to 95 per cent. 
on an average, according to data given by Bredtschneider and 
Thumm/ Imhoff, 2 Dunbar, 8 and von Schiele. 4 Reports on the 
examination of sludge from different plants confirm these figures. 
Thus in Cologne G rosso- Bohle 5 found between 91 34 per cent. 
and 95.57 per cent , and Tillmans 8 found at Fiankfort-on-the- 
Main an average of 91 07 per cent. I have never found less 
than 90 per cent , but often more up to 96 per cent Honig 7 
found in Brilnn the surprising amount of 99 per cent 

1 Die Abwasaerremigung in England Mitteilungen a. d Kgl Prilf -Anat. f Wasserv 
UHW, Vol III 

4 Ragierungsbaumeiflter Dr Ing Imhoff Die biologwche Abwasserreinigung in 
Deulaohland Mittoil a d Pruf Anirt f Waaaerv UBW, Vol VII 

9 Iveitfaden far din Abwocwerraniffungiifrage. 

* Abwasflorbeaoitlgung von Qewerben, oto Mittalungen a. d Kgl Pruf -Anst f Waa- 
serv uaw, Vol XIII. 

6 Die Probeklarunglftgo zu Kfiln-NlehL Mitteilungon a d Kg] Prflf.-Aust f Wasserv 
UBW, Vol IV 

9 Die Klftranlage in Frankfurt a. M Waaser und Abwassar, Vol I, p 320 

7 Gewinnung und Vamertung von Stadtiaohera Klflraohlamm Qea Ing , 1910 Nos. 1 
and 2 
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On account of this laige amount of water, fresh sludge from 
city sewage is a veiy liquid material It can be concentiated 
after standing several days, when roily water appears at the 
surface, but it is seldom possible to reduce the moisture much 
below 90 per cent More than half of the 5 per cent to 10 per 
cent, dried substance consists of oiganic matter. This decom- 
poses very readily, giving a characteristic indefinable pene- 
trating odor The nuisances arising fiom this odor prevent the 
storing and further treatment at the plant, when the neighbor- 
hood has become built up Disposal plants have theiefore been 
placed at a great distance from the source of the sewage, and 
where for any reason this has not been done, the inhabitants 
have raised much objection. In Braunschweig, 1 e g , the opera- 
tion of a plant where fresh sludge was produced, and where it 
was to be dried, had to be abandoned Since then the sewage 
has been spread on irrigation fields. 

At Frankfort-on-the-Main 2 the odors were overcome by 
spraying with tarry, floating oils (facilol and Belloform) and 
also covering the surface with peat. 

At other places, e g , in Remscheid, 8 Langensalza and Aschers- 
leben* (wells of the Mairich system) attempts have been made 
to reduce the odor by placing the sludge beds on hills and pump- 
ing the sludge up at a great cost The odor was thus dispelled 
by the wind. 

Quantities of Fresh Sludge. The unpleasant features con- 
nected with sludge are so much felt because of the large quan- 
tities which accumulate. According to Imhoff, 6 32 gallons 
(1 2 liters) of sludge with 95 per cent, moisture per inhabitant 
per day accumulate in plants of large cities where the sedimen- 
tation process is used For a city of 100,000 inhabitants this 
gives an annual amount of 56,000 cu. yds (43,000 cbm.) of 
sludge which must be cared for. 

Drying As shown above, since drying reduces the volume, 
it is almost always a necessary preliminary in caring for sludge. 
Fresh sludge is obstinately opposed to drying The main diffi- 
culty lies in overcoming the attraction of the colloidal substances 
for water. These are present in the form of hydrosols as well as 

1 Salomon. Die stadfiscte Abwasuerbewatigung in Deutschland, Vol H, p 21 

3 Inspected Dee 7, 1908 

1 Inspected Aug. 27, 1908 

' Inspected Dec 4, 1908 

*Lo,p.4a 
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hydrogels According to van Bemmelen 1 the gels are mem- 
branes formed by precipitation which form a network of amor- 
phous connected parts which are swelled up by the liquid ab- 
sorbed. The structure of such "micells" is described by von 
Biitschli 3 as honeycombed. The hypothesis of a greatly en- 
larged surface would best explain the peculiarly stubborn reten- 
tion of water in fiesh sludge 

Drying in the air in Sedimentation Tanks Difficulties attend- 
ing the drying of sludge and the great expectations entertained 
have rendeied the development of different methods most 
timely. 

The most primitive method that of letting it lie in the tanks 
out of use in intermittent operation has been tiied at the Komgs- 
berg 8 irrigation fields, where the foul odors fiom decomposition 
could do no harm Two settling tanks used for preliminary 
clarification for irrigation, which were filled alternately with 
sludge, were used there as drying basins, as the f aimers refused 
to take the wet sludge, even when it was given them. This 
method was soon seen to be unsuccessful. As was to be expected, 
the sludge did not become spadable when wanted, so that con- 
siderable cost was entailed for removing the wet material. 

The same method of drying, however, has been in use for years 
at Copenick, 4 near Berlin Sludge procured by precipitation 
with large amounts of lignite and an addition of aluminum sul- 
phate is not to be compared with ordinary settled sludge in its 
physical attributes 

In Special Tanks At other places, formerly at Braunschweig, 
Cassel, Frankfort and still in Wimbledon and Huddersfield, 6 
England, Essen, Remscheid and Elberfeld-Barmen, and recently 
in different English plants, Birmingham, e g , special tanks are 
used, partly with paved or masonry sides, partly with simple 
earth embankments This plan was abandoned at Cassel, be- 
cause the sludge would not become firm, in Braunschweig 8 
because of the bad odors. Dunbar writes about Wimbledon 7 

1 Dr Victor Poschl. Einfuhrung In die KoUoidaoheinie, Dresden 1908 Von Bemmellen. 
Dio Absorption, Bridling und Struktur des Gels, Zeltaohnft f anorg Chemie, Vol XVIII 

3 BQt8ob.li TJnterauohunjten ubor Mikroskopiaohe Sohfl.ume und das Protoplasms. 
Leiprig, 1892 See also, Zeitschr f anorg Chemie, Vol XXIII, p 326 

1 Salomon Die Abwassorbeseitigung in Deutsohland, Vol II, p 696. 

4 Inspected May 9, 1908 

1 Inspected May 13, 1909 

6 Stadtlaohe Festsohnf t far die Teilnehmer an der Veraammlung Deutsoher Naturforscher 
und Aertse Braunschweig, 1898 Eef Salomon, Vol II, p 21 

7 Prof. Dr Dunbar Leltfaden f d. Abwaaserreimgungsfrage, p 376 
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"It is difficult to separate the watei from the sludge AH efforts 
to dram it have failed. If it is allowed to stand in open (sinks 
with a poious bottom it is often months before it can be reinm ed 
with spades. Each rain reduces it to its original condition In 
Wimbledon after six months' tieatmont it formed :L thick liquid 
mass of highly offensive character and 77.5 pei cent water. If 
this mass of sludge is deposited in lagoons, as is often done in 
England, the whole neighboihood miff cm from the unbeaniblo 
nuisance " 

In Essen sludge obtained by clarifying with lime in Hothe- 
Rockner towers is placed in gigantic earthen basins where it 
slowly digests The water rising to tho surface can be drawn 
off by some device. Odors are hero exceptionally slight, us tho 
hydrogen sulphide is combined with iron. This plant, also in 
soon to be abandoned 

The method was neaily the same at Frankfort. When it wan 
seen how great the cost and how bud tho conditions were, 
mechanical means of drying were resorted to. 

This method of drying was tried at Mberfeld-Barmen 1 in Hpito 
of the failures experienced elsewhere, and huge tanks wore built, 
which had to be increased in number at tho end of a year, into 
which the fresh sludge was pumped. An was to bo expected, tho 
sludge required a long time to become spadable, and it became 
putrid. 

Another example ia seen in tho wells of Mairich, There tin* 
two such plants at Remschcid. In ono the attempt, is made to 
dry the sludge in tanks 3.3 ft. (1 m.) deop, whero it is to drain 
through walls made of broken stone. Up to September, JUOH, 
after it had been in operation two years, tho sludge had not. 
become spadable in any of the tanks. In tho other plant tho 
draining was to take place through fascines. There it. wtis found 
that the decomposed sludge would not drum through the fino 
fascines, and simply ran through whero they were loosely woven. 

Spreading in Thin Layer*,. Fresh sludgo dries moro quickly 
and without much decomposition whero it is spread out in thin 
layers. 

A method founded on this idea has boon successfully used 
where the necessary areas are available, and where tho odor causes 
no nuisance. The sludge is spread on sandy soil if possible. It 
dries there, according to its condition and to the weather in a few 

* Inspected April, 1008. 
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Lys or weeks, and can then be dug under or carried off. This 
n best be done where, as at Charlottenbuig, the sludge obtained 
">m preliminary clarification is spread on irrigation fields 
In Germany it is used at Mannheim and on several irrigation 
Ids That it is not cheap even there is shown by the fact that in 
G year 1906 clarification of the daily amount of sewage, 
246,000 gallons (35,000 cbm ), cost $2530 (10,633 M ), while the 
moval of 92 to 105 cu yds (70 to 80 cbm ) sludge cost $5,572 
3,410 M ) more than twice as much although the areas used 
r drying were in the immediate neighborhood of the plant. 
Similar experiments have been tried in recent years at Birming- 
.m, whore the sludge was spiead on fields to dry. It was shown 
at the sludge dried after a while, but such laige aieas were 
cessary that it became impracticable. 

Burying. The so-called burying method, by which the sludge 
dried and disposed of at the same time, is much used in Eng- 
id The sludge is not spread upon the disposal areas, but 
raped into dry furrows, where a large percentage of the mois- 
re is absoibed into the loose soil; as soon as the sludge is firm 
ough to support the earth the furrows aie filled in If sludge 
at has decomposed under water is used, the same area can be 
ed successively every three years, according to Travis, 1 as is 
ne at Hampton 3 and Birmingham. 3 Where fresh sludge is 
ed, and especially where chemical precipitation has been 
iployed, this is not possible, as has been demonstrated at 
rmmgham and in experiments made by the Emsoher Associa- 
in ; as the earth in which it is buried will not drain it In 
rmingham Dr Dunbar 4 saw samples of lime sludge which had 
en buried more than 20 years and which retained the original 
ial odor, and was as hard as blue clay Sludge which had begun 
putrify was buried, as an experiment, at Reckhnghausen, and 
the end of a year it had its original odor, and was sticky and 
my, while digested sludge could not be distinguished from 
mus. r 

Fresh settled sludge, even when not precipitated with lime, 
ies very slowly in such ditches. I convinced myself of this at 
rmingham. Unlimited areas were there covered with such 

W Oveii Travis Some observations relating to bacterial tanks operations. Trans. 

r. Civil and Mechanical Engrs. London, 1906 

Inspected May, 1007 

Inspected Sept 15, 1909 

Prof Dr Dunbar. Die Abwasaerreinigung von Birmingham. Qes -Ing 1908. 
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ftludgc-nlled ditches, and as no satisfactory lesults were achieved 
it wan decided to return tor the pie.seut to (lie melhod, already 
mentioned, ol storing in lagoons. 

In Instorburg 1 sludge S days old is disposed of l>v this method 
of burying, but nothing 1ms boon published as to (.he results 
obtained It is doubtful whethei the same ground eun lie used 
again tor several years when sludge that is only partially decom- 
posed has been applied. If one is not obliged to use I lie same 
area at short intervals, as in the case of small plan Is in agricul- 
tural legions, this method is free from objection ami is to bo 
i ecommended 

Componttny. Similar to the method of plowing under and 
burying, which involves a rough mixing of the net sludge with a 
drier, porous substance the earth in a method much employed 
in small plants L.C., mixing with street sweepings, or composting, 
This is done, <:</ , at (lottingeu and Cornel in (lermany Where 
these heaps of compost are not quickly used by farmeis they are, 
of course, liable to become a nuisance. 

Filter-beds. As fresh sludge may bo considered as solid mate- 
rial floating in a liquid, tho next step was to separate these com- 
ponent parts by filtration This, too, has been tried at different 
places and with various modifications, but, without success, at 
least to the extent that the Hludgo, although separated out, later 
clogged tho filter and decompound. 

In Allcnstoin, 2 c.(j., the attempt was made to drain the water 
(90 per cent ) from the sludge on carefully prepared gravel filtern, 
The filters soon became clogged, however, and the sludge decom- 
posing on it produced such a nuisances by foul odors that the plan 
had to bo abandoned. 

In Bielefeld the detritus from tho preliminary cleansing in' 
preparation for irrigation is drained in a similar manner. In the 
report for tho yoar lOOS the municipal authorities state: 

"Tho removal of tho sludge settling out in the clarification 
tanks, in which largo volumes deposit., ctmsos difficulties which 
should not bo underestimated. In designing new plants it is 
strongly urged that drying bods of ample size be provided. Tho 
original number is at present being increased by two more. It ia 
hoped thus to effect a speedier removal of tho sludgo. The water 
drawn off from tho drying bods is again clarified and used for 

1 Salomon Dio nlftdtlarhn AbwAaflorbwoltlguna In Deutnohlnnd, Vnl TI, n. 887. 
B Salomon. Vol. II, p 17 
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irrigation, so that the effluent may be carried to the outfall in a 
clean condition " 

In Leipzig 1 a part of the sludge, which is precipitated with 
salts of iron, is led into earthen lagoons These have drain pipes 
laid on then level bottoms, over which is laid a 12-m (30 cm ) 
layer of gravel, and on this" are laid tiles with close or open joints 
filled with sand The water fiom the sludge filters thiough to 
the dram pipes and is brought to the plant for a second clarifica- 
tion In summer the sludge often becomes spadable in 2 months, 
in winter in 4 or 5 months As the tanks are inadequate the 
greater part of the sludge has to be disposed of by being conveyed 
to an old river bed. 

These examples show that the mere filtration of fresh sludge is 
only feasible where there are large aieas and ample time for the 
process, and that a nuisance from putrefaction may be expected 
Means have therefore been sought to reduce the time and aiea 
icquired for filtration Filter-presses and centrifugal machines 
used in certain chemical industries were recognized as such 
means 

Filter Presses. Filter presses have been employed for a long 
time at several places as an experiment, e.g , at Cassel and Frank- 
fort The genei al conclusion is that they are expensive to 
maintain and operate and that they possess little efficiency. At 
present they are only used in Germany with the lignite process, 
c g , in Potsdam, Spandau and Tegel. In Potsdam it is some- 
times impossible to press the lignite sludge dry, although it is 
comparatively easy to separate it from the water. According 
to repoits furnished me, 8 to 10 per cent, of the pressed sludge 
is too moist. This, even when pressed into briquettes for fuel, 
becomes soft again in the rain, so that it is necessary to store it 
under shelter. Filter presses are no longer used in Germany in 
large plants for the purpose of de-watering fresh settled sludge. 

In England, on the contrary, filter presses aie much used, 
especially where lime is employed as a precipitant. Sludge 
with lime is more easily pressed. Sludge from plain sedimenta- 
tion usually requires a large addition of lime entailing a great 
expense. 

Drum Filters, The dry process, described by Honig, 2 which 

1 VorwaltungHberioht dor Stadt Leipzig und Mitteilunoen aus dam Tiefbauamt Plant 
inspected Deo. 7, 1008, and May 10, 1010 

3 Prof M Hflnig Ueber Gewmnung mid Verwertung von. staditsahem Klarschlamm. 
Ges -Ing , 1910 p 26 
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has been tried at Brunn, is based upon filti ation. The pressure 
is pioduced by a vacuum undei the filtering surface. 

Centrifuges Moie recently gieat hopes have been placed in 
centrifugal machines. 

The city of Frankfort-on-the-Main 1 has conducted very ex- 
haustive expeiiments with this methocl. It may now be seen in 
operation on a large scale at Harburg, 2 Hanover 8 and Frankfort. 

Modern centrifuges differ favorably fiom the old filter preHKea 
in that all manual labor is avoided, so that the woi kmen need 
no longer come in contact -with fresh sludgo containing f eciil 
matter or garbage. As yet little has been published icgarding 
the cost and efficiency of this process. Reichle and Theising, 4 
who have examined and described the centiifugal plant at Har- 
burg, give as the cost of de-wateiing with centrifuges 62.2 cts. 
per cubic yard (3.42 M. per cbm.) of diied sludge, with filter 
presses 42 cts. per cubic yard (231 M. per cbm ) under similar 
conditions. As the cost was the principal objection to the intro- 
duction of filter presses the outlook for centrifugal machines is 
not veiy good. It is still worse because filter presses produce a 
drier sludge than centrifugal machines, and because the latter 
produce a highly offensive liquid on account of the large amount 
of organic matter contained (accoiding to the above authorities 
3 7 per cent, dried matter of which 91 per cent, is organic). 
It is not to be compared with the liquid from filter pressing, as 
can be seen at Harbmg, Hanover and Frankfort. The lattei is 
usually a transparent, pale yellow liquid, as is seen at Halifax, 
England, 5 while the effluent from centrifugal machines is a black, 
watery sludge. 

In spite of these drawbacks centrifugal machines must be 
employed where the agricultural utilization of sludge is im- 
practicable especially where there is no cheap land available 
for storing the wet sludge. Frankfort-on-the-Main has already 
chosen this method. 

Drying by Heat Three years ago an attempt was made tit 
Potsdam to dry sludge by heat. The lignite sludge obtained 
there, which was first dried in filter presses, and which it was 

1 Zentnfugen Sehafer-ter Moer System 
9 Inspected May 7, 1908 
8 Inspected Nov 18, 1908 

* Bamnspektor Rrnohle und Prof Dr Thiesmff. Mitteilvtagen a. d KgL PrOf -Anst. f. 
Waflsersorgung, etc Vol. X 

* Inspected Sept. 13, 1909 
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intended to used as fuel on account of the latent energy in the 
lignite, was manipulated experimentally m rotaiy ovens with 
fuel gas. Similar attempts aie now being made at Frankfort for 
the further drying of centrifuged sludge containing about 70 
per cent, moisture. 

Electro-osmose. Experiments have also been made at Frank- 
fort with the electro-osmose process of Count Schwerin, to de- 
water more easily slimy sludge which, as already mentioned, is 
difficult to dry. 

Dr. Tillmans 1 writes of this method that it prevents the 
colloidal condition of the sludge liquor for a while, but that this 
appears later The current used is great but not prohibitive. 

More extensive experiments were to have been made at Frank- 
fort, but the results have not yet been published. 

Results of the Methods of Drying Already in Use. As regards 
the results obtained the methods of drying of fresh sludge can be 
divided into two groups, those in which there is a steady drying 
but which are expensive to install and operate (filter presses and 
centrifugal machines) and those which cost less but give no 
assurance of effecting the desired result (draining, irrigation 
and burying) 

The problem of lational drying has not yet been solved 
The septic process gives a better prospect of success. 

i Dr J Tillinans, Zeitaohr f d. Unters d Nahrungs u. Genuaamittel. Vol XIV (1907), 
Parts 1 and '2 



CHAPTER III 
DRYING SEPTIC TANK SLUDUIO 

Source The apparatus for septic 1 , treatment differs from I hut, 
f 01 plain sedimentation by its greater size. 

tieptic Tank Method. The time of flow through nep(ie tanks 
is usually from 12 to 24 hours, during whk'h it. decomposes (o a 
greater 01 less extent, accoiding to its composition. The sludge 
is stored under water as long ay possible. The capacity is 
generally arranged so that it can remain from to Jli month*. 
The easily disintegrated portions are, removed by dige.sliun. 
The gases which develop biing up paiticlow of sludge i\hieh form 
a floating covei The removal of sludge is performed in the, 
same manner as with tanks for plain sedimentation. 

Disadvantages of the Effluent The. original aim in the Heptiw 
treatment was to clarify the sewage more thoroughly than was 
possible by plain sedimentation To-day it in known 1 that tho 
storage of the large quantities of sewage from a city until it is 
entirely decomposed is practically impossible. It iu still believed 
by many that permitting the sewage to become partially septic. 
will produce as good a biological clarification as when treated 
in a fresh condition That is not the case; the anaorol c bacteria 
arc favored and the process of reduction initiated by the cus- 
tornuiy 12 to 24 hours' storage in septic tanks. The? reduction 
is indicated by the formation of NH a , H 3 S and CH 4> ami tho 
decrease of N 3 O B and N 2 8 . With the biological purification 
which follows, whether by irrigation, intormittent sand filtration, 
contact bods or the self-purification that takes place in a stream, 
active aerobic organisms are required, and it proceeds a a process 
of oxidation. The activity of the anaerobes muwt first be 
checked and the products of decomposition in the water must 
again bo oxidized Purification is therefore retarded by the 
septic process. Ltibbert says of thia: a "A modhim w introduced 
into contact beds with tho septic sewage which offers conditions 

, pp. 127 and 140 
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diametrically opposed to those desired, and the work of the 
oxidizing micro-organisms is rendered more difficult if they are 
to conquer in a struggle m which their antagonists, the ferments 
and decomposing agencies, have the upper hand " 

Another unpleasant lesult of the septic method is often the 
unsatisfactory sedimentation which takes place in the t&nks. 
The gases using from the sludge at the bottom inteifere with the 
settling action and bring up flakes of sludge. Particles fall 
from the scum. In spite of all precautions, such as scum 
boards and the arrangement of the outlet openings fai below the 
water surface, the effluent is not as cleai as in plain sedimen- 
tation plants, it is thus sometimes necessary, as at Birmingham, 
to insert sedimentation tanks and roughing filteis between 
septic tanks and contact beds. 

Further, the septic effluent usually contains much sulphu- 
reted hydiogen which is dispersed in the air by the subsequent 
distribution of the sewage on contact beds, especially if this is 
done with a sprinkler nozzle 01 revolving sprinklers, pioducing 
much worse odors than the woist sludge 

Sewage is, theiefore, detrimentally affected by the septic 
treatment. In handling the sludge, howevei, decomposition 
offers distinct advantages 

Advantages for the Sludge. Sludge which lies submerged for 
months at a temperature not too low, undergoes a profound 
alteration. Its organic constituents are attacked by putre- 
faction and the products of decomposition partly disappear in 
the form of gas. There has been much discussion concerning 
the amount of sludge consumption and a laige amount of liter- 
ature exists on the subject, but the question of amount does 
not touch the kernel of the matter. The quantity of organic 
material destroyed is much less important than whether the 
sludge acquires desired qualities by septic treatment 

Characteristics of Septic Sludge Sludge treated in efficient 
septic tanks differs ft om fresh sludge by its color, which is usually 
very black on account of the iron sulphide contained, by its 
leas disagreeable odor, by its greater concentration it contains 
20 per cent, of dried matter as compared with 5 to 10 per cent, 
in fiesh sludge and by the ease with which it drains. These 
last differences are most important in treatment. They arise 
from the destruction of the water-binding colloidal substances. 
They are of the utmost importance in drying 
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Drying Septic Sludge. Diyhig by burying, which in MM-V 
difficult with ficsh sludge, is easily accomplished with wpl it- 
sludge This method has been used in Hampton for the pan. 
5 years. In Biiminghain there weie. no difficulties \vjlh bun ing 
so long as septic sludge was piodueed. Drying on porous aiens 
is moie easily cainod on than with fresh hludge, because il. 
drams so readily. In Unna 1 it became neaily >spadable in the 
comparatively short time of from 4 to (i weeks. In Mulheim- 
Ruhi, 2 where it is piled 3 3 ft. (I m.) high, it takes from S lo I Li 
weeks in summer to become spadable Fresh sludge re(|Uires 
as least one year Septic sludge,, on tho other hand, is not so 
well adapted to treatment in filter presses" or centrifugal ma- 
chines 4 This is of little connequpncp, however, as these cosily 
devices are only resorted to when cheaper methods, such as 
diainmg the ficsli sludge, fail. 

Decline of the Septic Method. Although tho advantages of 
septic treatment have been known for yeai-s and been uniformly 
confirmed, it is steadily declining on account of its disadvantages 
and the cost of the plant 

The construction and maintenance of a septic treatment plant 
are expensive, because the capacity lequired for tho stojage of 
the sewage must bo taken at from (i to 12 times that for plain 
sedimentation which is usually 2 to 4 hours. 

Large plants aro constantly being conveitod from the septic 
tank process to plain sedimentation. In Manchester, r. </., whole 
rows of septic tanks one-third of the entire installation havo 
been changed to sedimentation tanks, and in Birmingham, also, 
which has tho largest plant in the world, tho greater number of 
the former septic tanks havo been changed to tanks for plain 
sedimentation, in spite of the objectionable eharactorislics of 
fresh sludge. 

Former advocates of the septic principle aro now constructing 
sedimentation plants, c y. } Travis at Norwich in which not only 
is the sewage to remain fresh, but by which tho sludge is to bo 
removed at short intervals, an in the process of plain sedimenta- 
tion 
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CHAPTER IV 
THE DRYING OF EMSCHER TANK SLCJDOM 

Emschw Tanks. Midway between tho sedimentation and 
septic processes of sewage purification and Nhulgo treatment, IK 
the method exemplified by the Emsehor tank Tho details of 
construction are made clear by various illiiHtraf-ioiifi. 1 In tin* 
Emscher tank clarification takes place m a chamber from which 
the sludge is drawn off continuously and automatically. Tho 
liquid passes through the chamber in from one to two hours. 
Because of this biief period of clarification and tho immediate, 
removal of the sludge, putrefaction of tho liquid oecuivs IOHH than 
is often the case in treatment by sedimentation. 

Action in the Sludge Chamber. T\\Q sludge, flows from the 
sedimentation chamber into a well-shaped compartment In-low, 
in winch it remains, on an average, two or throe inontlm. 

The processes which go on in this sludge chamber, HO far as 
they have been ascertained, are essentially different, from tho 
putrefaction in ordinary septic tanks with cnrrentH panning 
through them, for the gases, escaping in largo quant it.iew, imhke 
those in septic tanks, contain very little hydrogen sulphide. They 
consist mostly of methane and carbonic aoid. The apparent 
cause of this phenomenon is the fact that tho liquid covering mid 
surioundmg the sludge is renewed to but a very Blight, extent. 
It becomes, accordingly, thoioughly septic very quickly. Tho 
albuminous matters that have been set froc in it are decomnoned 
and can form no more hydrogen sulphide. In B optic treatment 
on the other hand, fresh sewage is continually brought into 
contact with the putrefying sludge and dccompoHOM, HO that tint 
suspended as well as the dissolved albumininw matter are con- 
tinually being acted upon, developing hydrogen miljilucln. 

From the sludge itself either very little hydrogen Hulphide in 
developed, or else it decomposes, or the Hulphur u otlwrwW com- 
Dined. Investigations of this question aro now being taken up 
Removal of Sludge The sludge is drawn off through iron 

1 1 Dr Ing Imhoff, D R, P No 187,723, Kl 8/5 o 
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pipes which leach to the bottom of the tanks' and lead out 
through the side of the tank about 3 1/JJ ft (1 m ) below the 1 xm- 
f ace. When the valve closing the end of the pipe projecting, inl o 
the tank is opened, the sludge is forced out, by tho weight f tho 
liquid. This does not interrupt the process of clarification. 

Character of the Sludye. Expeiience haw so fai 1 indicated that 
sludge from Emscher tanks exhibits in a lusher degree all tho 
favorable properties of that from septic tanks. 

Amount of Moisture The water contained is decidedly lower 
in amount than that in sludge from septic tanks, although tho 
Emscher sludge is always drawn off under water. In. 10 analyses 
of the digested sludge from the Rocklmghausen-Ost clarification 
plant (Table I) I found an average of 79 84 per cent, inoistuie; 
in 16 analyses from the Easen-Nordwost plant (Table II) an 
average of 75.6 per cent., and in G analyses from the Boehum 
plant (Table III) an average of 75 8S per cent. Each of tlicwo 
samples was an average sample from a larger amount of shulgo 
(523 1230 cu. yds =40 94 cu. m ) The greatest amount 
of moisture found at Ess.cn-Nordwest was 81 8 per cent (Oct. 1 1, 
1909, when there was only a thin layer of sludge, in the tank). 
The least was 71 35 per cent (May 8, 1909). Of the l(i avemgo 
samples taken, 9 contained less than 75 per cent, moisture. 

TABLE I (Condoned) 

RECKLINGHAUSBN CLAHmrATioN PLANT (tt KMHCIIHU TVNKM) 
Summary of Analyses of Wot Decomposed Kludge* from Hiimplt's taken 
from June 14, 1907, to July 20, 1900 



Wot sludge 
Moisture contained 
Dried material 

Dried material 
Mineral matter 
Organic matter 
Nitrogen 
Fats 1 



1 Analyses made on. two days only 







PtM 1 (3011 1. 






Avc. 


Max. 


Min. 




79 H4 


Hi '2 


75.0 





20. 00 


25 


15. H 




54 8 


04.4 


44 1 




45 2 


55.9 


Ufi (I 




1.66 


1 71 


1 47 





fl 41 


0.7fl 


07 
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TABLE II (Condensed) 
ESSEN-N W CLARIFICATION PLANT (9 EMSCHBR TANKS) 

Summary of analyses of Wet Decomposed Sludge from samples taken 
from Apr 8, 1909, to Oct 11, 1909 





Per cent 


Ave 


Max 


Mm 


Wet sludge 
Moisture contained 


75 6 


81 8 


71 35 


Dried material 


24 4 


28 65 


18 2 


Dned material 








Mineral matter 


45 08 


53 51 


37 6 


Organic matter 
Nitrogen 
Fats 1 


54 92 
1 22 
4 89 


62 4 
1 43 
7 36 


46 49 
1 015 
3 44 



1 Annlyuos mode ou nevou days only 



TABLE III (Condensed) 
BOCHUM CLARIFICATION PLANT (18 EMSCHBR TANKS) 

Summary of analyses of Wet and Decomposed Sludge from samples 
taken from Feb 11, 1909, to Aug 13, 1909 



Wet sludge 

Moiature contained 
Dried material 

Dried material 
Mineral matter 
Organic matter 
Nitrogen . 
Fats 1 





Per cent 




Ave 


Max 


Mm 




75 88 


79 71 


72 97 




24 12 


27 03 


20 29 




59 49 


63 98 


49 3 




40 51 


50 7 


36 02 




1 102 


1 46 


87 





8 73 


12 3 


5 82 



1 Analyses made on four days only 
10 
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ANALYSES OF WET AND DECOMPOSED SLUDGE 





ClniifioaUoii 1'lu 




Workman's Mine "Hohwnrlu" 




near Rnuxol i W 


Number of tanks 


2 


Date 


Nov 6, 1909 


Wet sludge 


Per cent 


Moisture contained 


80 4 


Dried material 


19 


Dried material 




Mineral matter 


49 


Organic mattei 


51 


Nitrogen 




Fats 






Bockuin i \V 



Doc 1, 1909 

Per cunt 

77 

22 4 

hi 

n o 

1 ;u 

2 fil 



With 70 per cent moisture Emscher sludge is still like gruel in 
consistency It is completely mobile, flowing of itnolf in nightly 
inclined channels. It can also be raised from the bottom of tho 
tank by means of an ordinary trench (membrane or diaphragm) 
pump. Fresh sludge of the same degree of concentration (70 per 
cent, moistuie) is generally rather firm 

This peculiar difference is in part due to tho fact that the fibroiw 
or clogging constituents are almost entirely destroyed, and in pint, 
to the microscopic gas bubbles which take the place of tho water- 
between the separate particles of solid matter which, being Bur- 
rounded by minute fluid films, renders tho entire nuuw mobile. 

Odor The odor of wet Emscher sludge can only bo detected 
near by, and is only noticeable when it 1ms boon warmed to IflH 
or 176 F. (70 or 80 C.). It smells liko rubber, or HometimeH 
like tar or peptone. No disagreeable odors can bo perceived a 
few feet away, even when tho sludge is being drawn off 

Analytical data of the organic material, fata and nitrogen con- 
tained can be found in Tables I to III. 

^ Drying Only methods based upon drainage need bo con- 
sidered with Deference to the drying of sludgo from EmwcJier 
tanks, according to the following experiments, as they show that 
these methods are the simplest and cheapest besides boing par- 
ticularly adapted to Emscher tank sludge. 

EXPERIMENTS WITH DUA.INING 

General Remarks. The question of the facility with which 
sludge which has decomposed under water may be drained and 
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the reasons underlying this have not yet been thoroughly in- 
vestigated. At the experimental plant of the Emscher Associa- 
tion at Essen-Ruhr in 1907, it was shown that the sludge received 
theie, when placed on porous material to a depth of about 10 in. 
(25 cm ) frequently became spadable in 8 to 10 days. 

The tank from which the sludge came was built in 1906 by 
Baurat Middeldorf and Engineer Wattenberg after an English 
model that of Tiavis at Hampton 1 (Middlesex). At the 
suggestion of Dr Imhoff it was altered before being put into 
service so that the chamber which received the sludge and wheie 
it was to decompose would, in distinction from the Travis tank, 
have no current of sewage passing through it This was, there- 
fore, the first application of the Emscher tank treatment It 
differed in outward form from the true Emscher tank in being 
more shallow. This has an unfavorable influence on the con- 
tained moisture and the time required for drying. 

The amount of water contained is an important factor in the 
drying of sludge. The less water it contains the more quickly it 
dries. Fresh sludge often contains over 90 per cent, of water, 
sometimes 95 to 97 per cent That obtained from the shallow 
tanks of the experimental plant had an average of less than 90 
per cent It is therefore possible that the rapid drying was a 
result of the small amount of moisture contained and was due to 
evaporation rather than to drainage. As no large amount of 
drainage water was observed, it was inferred that draining played 
no important part in the process of drying After altering the 
drying beds I succeeded in securing and measuring large amounts 
of drainage water. 

EXPERIMENT I 

The Drying Bed The drying bed for the experimental plant 
is 05 6 ft. (20 m ) long and 16 4 ft (5 m.) wide. The bottom is of 
fairly impervious clay and the walls of masonry in cement 
mortar. It is filled to about 20 in. (1/2 m.) in depth with coarse 
boiler clinker, over which a layer of fine clinker 6 in. (15 cm.) 
thick is spread Drain pipes connecting at right angles with a 
collecting drain serve to draw off the wnter. It is divided by 
planks into 5 compartments of 215 sq. ft (20 qm.) each 

Befoie the experiment was begun I altered the filling material 

Dr Travis, Hampton Surveyor, 1906 No 703. 



* - 



148 



SEWAGE SLUDGE 



and provided the basin with diagonal drainage in place of the 
original diain 

Carrying Out the Experiment July 8, 1907, 31 4 cu. yds (24 
cbm ) of digested sludge fiom the experimental tank was placed 
on the drying bed thus piepared The specific gravity of the wet 
sludge was 1 033. 27 8 tons (24.8 long tons) were consequently 
delivered The depth was about 9 1/2 in. (24 cm ). Analysis of 
an average sample of the wet sludge showed 92 34 per cent, 
moisture Of the 27 8 tons (24 8 long tons) , therefore, 25 6 tons 
(22 9 long tons) were water. The sludge became spadable in 8 
days During this time 1833 gallons (694 cbm) of drainage 
water was obtained =30. 16 per cent of the original amount of 
water The firm sludge examined a few days later contained 
65 4 per cent moisture The amount was then found to be 4 14 
tons (3 7 long tons) It still contained 2 69 tons (2 4 long tons) 
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FIQ 31 Drainage of sludge at the experimental plant July 8 to July 17, 1907. 

of water. The loss of water was, therefore, 22.96 tons (20 5 
long tons). Of this, 7.77 tons (6 94 long tons), or 33.85 per cent., 
ran off as drainage water 

The graphic representation of the results of the measurements 
made given m Fig 31 shows that the amount running off, begin- 
ning with 26 7 gallons (101 1.) per hour, rose in the course of the 
first day to 34.3 gallons (130 1 ) per hour, and then gradually 
diminished, and that the drainage was practically completed in 
5 days Measurements taken July 13 showed but 2 4 gallons 
(19) per hour Observations were continued until July 17. 
The last measurements showed 53 gallon (2.1) per hour. 
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Results Drainage was shown by this to play an important 
part m drying sludge More than one-thiid of the watei lost 
reached the place of measuring as drainage water. Draining was 
p tactically completed in the first half of the 8 days taken for 
drying 

The large, open drying bed was not adapted to the precise 
determination of the relation of diaining to evaporation, as it 
was neither protected from rain, nor had it an absolutely impei- 
vious foundation, and as the amount of diamage water could not 
be directly measuied, but had to be estimated from measure- 
ments taken several times daily, I therefore made experiments on 
a smaller scale with an apparatus which repiesented a fraction of 
an ideal drying bed. 

Apparatus In a water-tight glass box holding 2 5 cu ft. 
(7171) and provided with a faucet, was constructed a "filter- 
frame," consisting of slag, and resting on a grating, i e , pieces of 
slag weie laid in 5 layers, each layer composed of finer fragments 
than the one below, so that the finer material would not fall 
thiough the mteistices of the coaiser layer below The top layer 
was composed of washed Rhine sand 02 to 01 in (1/2 to 1/4 
mm ) in size A wooden frame holding 1.05 cu ft. (30 1 ) coveied 
with zinc, pressed firmly into the top layer, served to hold the 
sludge. 

The experiments were conducted in a shed, protected from the 
rain 



DRAINAGE EXPERIMENT II 

On the 18th of July, 1907, 52 8 Ibs. (24 kg ) of decomposed 
sludge from the experiment station were placed in the frame of 
the filter. The first of the dramage water appeared in 1 1/2 
hours. 

The whole amount of the water drained off was retained and 
measured every 24 hours. The results are given in Table IV, 
the first column showing the daily volume, and the second 
column the sum of the volumes up to the day given, the 3rd 
and 4th the same quantities in per cent, of the original amount 
of water contained in the sludge. 
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TABLE IV (Condensed) 



Date 


Effluent 


For 24 houra 


Tot.il 




Cubic 




Cubic 




Gallons 


Oenti- 


Gallons 


Conti- 






motaw 




niotorn 


July 19 
July 20 
July 24 
Aug. 1 
Aug 2-7 


511 
524 
164 
004 
066 


1930 
1080 
620 
15 
2CO 


511 
1 035 
2 264 
2 719 
2 78C 


10 JO 
3010 
8550 
10200 
10510 



ho total 
muniinl nf 



47 07 2 II w 21 7BO k R 



For 24 hours Total 



8 87 
1 
2 8C 

07 

1 M 



8 87 
17 07 
JO Ifi 
17 00 
48 SI 



The sludge became spadable in about 8 days. The course of 
drying was followed by the analysis of samples taken at intervals. 
A sample of the same sludge used in the experiment was pre- 
served in an open water-tight tub and analyzed at the end of the 
period. 

The Jesuits of the analyses at the beginning and end as well 
as the two between are given in the following table . 

TABLE V 



Date 


Water 
Per cent 










Total 


July 18 


00 62 


9 38 


July 24 


79 60 


20 40 


Aug 1 


69 10 


30 81 


Aug 7 


56 20 


43 80 



Dried material For cent 



Loss on ignition 



40 52 
.17 20 
35 50 
33 10 



Mineral residue 



50 48 
62 80 
04 flO 
66 HO 



The sample left in the open tub showed the following oorapoHition. 



July 24 


90 05 


9 95 


39 46 


00 54 



The drained sludge had been reduced in moisture from 90.02 
per cent, to 56.20 per cent In 6 days (July 24) it had been 
reduced to 79 6 per cent., while that in the tub, which lost only 
by evaporation, contained, after the same time and with equal 
depth, 90.05 per cent. 
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Drainage Water. The results of an analysis of the drainage 
ter are as follows 



TABLE VI 

A.MINA.TION OF WATER DRAINED OFF FROM JULY 27 TO AtTGUST 1, 
CLKAR, COLORLESS, ODOR SLIGHTLY EARTHY 





Parts per million 







=mg per 1 




duo from evaporation 


2103 




due from ignition 


1601 


76 2 per oent. 


> on ignition 


502 


23 8 per cent 


gen consumed (according to Kuhel) 


221 6 


KMnOj consumed 


il nitrogen 


99 4 




rtuoh Organic nitrogen 


2 8 




Nitrogen in ammonia 


78 4, 




Nitrogen in nitrates and nitrites 






(NsOi and NsOi) 


18 2 





kept 10 days in a closed bottle at the temperature of the 
'in no sulphuretted hydrogen was found. 

tesidts. The water originally contained was, according to the 
ilysis, 5.747 gallons (21.7561). The total volume of water 
loved can only be estimated in a round-about way as the 
aples taken for analysis during the test reduced the amount 
aludge present. Without material error we may consider the 
ount of mineral matter 2.945 Ibs. (1 336 kg ) unchanged and 
1, then, as the final weight of the drained sludge 7 54 Ibs. 
12 kg ) and of the moisture contained 4 240 Ibs. (1.923 kg ). 
Ye have, then: 



Reduction of sludge 
Reduction of water 



85 76 per cent 
91 25 per cent. 



fheie were drained off 2.682 gallons (10 1591). 

=48.4 per cent, of the original volume of water 
53,1 per oent. of the water removed 

According to this there were evaporated 20.537 Ibs. (9.314 kg.) 
ivater, 



=42.8 per oent. of the original volume of water. 
*48,9 per oent of the water removed. 
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This experiment therefore confirmed the results of the first 
experiment and, moreover, showed that the decomposed sludge 
of the experimental plant loses under favoiable conditions for 
draining, more than half of the water removed in this way. 
A further disintegration of the organic matter goes on duimg 
the drying. Odors are not perceptible (if the sludge is stoied 
up in the open air without draining; decomposition is not nearly 
so energetic). 

An analysis of the drainage water shows indications of bio- 
logical purification (putrescibility, nitrates and nitrites) although 
the importance of this is lessened by the fact that the inference 
was diawn merely from a sample taken at the end of the experi- 
ment 

COMPARATIVE EXPERIMENTS WITH FRESH AND DECOMPOSED 

SLUDGE 

These experiments were made to ascertain whether there is 
any difference in the facility of drainage between fresh and 
decomposed sludge, and whether the superiority of our de- 
composed sludge in this respect is not due to the fact that the 
fiesh sludge itself is exceptionally capable of being drained. 

Top Layer of the Draining Bed In the following experiments 
coal waste was used as a top layer instead of pulverized slag, 
a material that was cheap to procure in the Emscher district. 
92 per cent, of this covering material was composed of grains from 
2 to 4 mm in size, 8 per cent from 1 to 2 mm. 

This combustible material was used because of the intention 
to burn the sludge in some part of the Emscher district In 
shoveling off the spadable sludge a portion of the top layer of 
the diying bed adheres to the sludge. If this top layer is com- 
bustible the calorific value of the sludge is increased; if not, it is 
reduced. 

Porosity of the Draining Beds. The draining beds were ex- 
amined as to their porosity before the experiments were begun 
Equal volumes of a preliminary dose of water were evenly flowed 
over the surfaces of the beds and the time and amount flowing 
off were noted The porosity proved to be practically uniform 
as was to be expected with the similar construction of the beds. 
The beds were then allowed to dry for several days. 
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COMPARATIVE EXPERIMENTS WITH FRESH AND DECOMPOSED 
SLUDGE AT THE ESSEN EXPERIMENTAL PLANT 

The results of the analyses were 



Water 



92 48% 
Of the dried material 

89 44% 
Of the dried material 



Dried 
material 


Ash 


Loss by 


ignition 


7 52% 


3 21% 


4 31% \ 


Fresh 




42 7 % * 


57 3 % / 


sludge 


10 56% 


6 13% 


4 43% \ 


Decomposed 




58 05% 


41 95% / 


sludge 



Forty-four pounds (20 kg ) of each kind of sludge was brought 
to the diammg bods. It was found that no comparison could be 
made in this way, as the fresh sludge diained off immediately 
through the beds, while the decomposed sludge, as usual, only 
permitted clear diainage water to pass As the two kinds of 
sludge did not differ greatly as to the water contained, this was 
rather surprising. The decomposed sludge looked somewhat 
thicker than the other. As was seen later this was caused 
less by concentration than by the gas contained. Decomposed 
sludge which is full of gas bubbles becomes foamy and viscous. 

It was thus impossible to compare the two sludges as to ease of 
draining. 

Fresh sludge may be concentrated to a considerable degree, 
an a large part of the water lises in a fairly clear condition to the 
surface after standing awhile and can then be drawn off by a 
siphon. Such a piocess is advantageous in two respects. In the 
fiiHL place, it is probably possible in this way to dram the sludge 
without its running through, and secondly, it was possible to 
assume approximately equal amounts of moisture, which is of 
importance in considering the quantity of the run-off measured 
in the process of draining A direct comparison of the time 
taken for drying had to be abandoned under the conditions, as 
the fresh sludge was favored by the removal of a part of its 
moisture. 
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COMPARATIVE EXPERIMENTS WITH FRESH AND DECOMPOSED 
SLUDGE AT THE RECHLINGHAUSEN-OST PLANT 

In order to place the work on a broader basis, sludge from 
another plant that at Rechlinghausen-Ost 1 was used, which 
was constructed on the principle of the Emscher tanks This 
furnishes a moie concentrated decomposed sludge in its well 23 
ft. (7 m ) in depth than that from the experimental plant, 111/2 
ft (3.5 m ) deep, which was not originally built as an Emscher 
tank. 

In order to experiment with samples containing, so far as 
possible, an equal amount of moisture, fresh sludge was allowed 
to settle, the supernatant water was siphoned off and the com- 
parative experiments were begun. Analyses of the two kinds of 
sludge now showed that the desired equality of the contained 
waters had not been secured. The decomposed sludge contained 
77.4 per cent of moisture, about the average at that time (77 6 
per cent). The fiesh sludge was not equally concentrated. 
The moisture (about 90 per cent.) had been reduced by siphoning 
but it still amounted to 80 35 per cent. Further examination 
showed that in other respects the compositions of the two kinds 
of sludge were not comparable, as the ash in the diied matenal 
of the fresh sludge was 57 2 per cent , while the decomposed 
sludge contained but 50 58 per cent. 

Both ^differences were favorable to the fresh sludge, for wet 
sludge will give off more moisture, and sludge with less organic 
matter dries more easily. 

In the experiment described the attempt to measure directly 
the loss in weight of sludge by draining had to be abandoned. 
As no attempt had been made to take intermediate samples, this 
was now done. 

EXECUTION OF COMPARATIVE EXPERIMENTS 

Forty-four pounds (20 kg.) of each of the two lands of sludge 
were again weighed and placed on the two draining beds 

The effluents from the draining beds were measured daily and 
analyzed from time to time The beds themselves were also 
weighed at intervals 10 times in all The results of measuring 

1 At time of operation in Feb , 1907, about 28,000 inhabitants provided for 6400 obm. 
per day. Six tanks 8 m. in diameter and 7 m. deep. 
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and weighing aie shown graphically in Fig 32. This shows the 
summation of the volumes of effluent and the loss of weight. 

It shows how the fresh sludge which drained more quickly in 
the beginning on account of the laige amount of moisture con- 
tained, was surpassed by the decomposed sludge on the second 
day. The difference inci eased up to the 4th day (April 29, 1908) . 
Up to that time a thin layer of water rested on the surface of the 
fiesh sludge. As the sludge underneath decreased in volume 
as the water was given off, contraction cracks appeared through 
which, m the two following days, the surface water could seep. 
The difference in the amounts of effluent was thus somewhat 



Volumes of Effluent and Diminution In Weight 




1 E 3 4 5 6 7 8 9 10 II 12 13 M- IS 16 17 18 19^0 a 
(*- April-- -K - May 



-->! 



Fta 32 Drainage of fresh and deoompoaed sludge from the Reeklmghausen-Qst 
olarificataoE plant 

lessened. Although it decreased still more during the experi- 
ment, yet at the end it amounted to 24 gallons (0 911 1 ) . Only 
40 per cent, of the original amount of fresh sludge appeared as 
drainage water to be measured, while of the decomposed sludge 
47.4 per cent, appeared. 

Results of Draining. In spite of the greater amount of mois- 
ture, the fresh sludge gave up less water than decomposed sludge, 
even on this freshly prepared drying bed, i e , its drainage was 
inferior to that of the decomposed sludge. (As later experiments 
showed, the difference in practice is still greater, because the 
drying beds become clogged by the fresh sludge placed upon it. 
Decomposed sludge does not clog the beds ) 

The curve showing the reduction in weight is similar to, but 
differs from the volume of the effluent in that it includes the 
reduction by evaporation and by gasification. Moreover, as the 



l. r >6 MfWAUK 

latter is Creator in the case ol decomposed sludge, tlie dilTeience 
is greatei tJian it would othei wise be 

Examination of ])> ai nntjc II nlci Results ol the examination 
of the drainage watei are given in Table \'If. The effluents 
of the liist, second and sixth days of iiesli, an well :is decom- 
posed, sludge \\ere examined and compaied. Kllluents of both 
kinds weie found to be biologically pure / / , thev contained 
and produced no sulphuretted hydrogen, but did contain niliates 
and nitiiles 

The difference between the two was best shown in the residue 
on evapoiation, and by its percentage of organic matter, which 
was much gi eater in fresh than in decomposed sludge. The 
oxidability, according to Kubel, shown the name thing. 

Decomposed sludge therefore gives off drainage water of a 
more favorable composition than fresh sludge. 

Diijing. Placing the beds under cover of a roof furnished an 
ideal condition for draining and for comparison but not for 
rapidity of drying. Although the detening influence of rain 
was removed, evaporation was hindered by tho lack of air and 
sunshine The desired data foi a comparison of the facility of 
draining was obtained but tho time required for drying was 
greatly increased. Decomposed sludge became spadable in 
!(} days, which is a short time. Fresh sludge reached a similar 
consistency only after 38 days, although it had been artificially 
dried more than twice as long as the other After the fresh 
Kludge had become firm, tho experiment was concluded and tho 
average samples were analyzed. Table, VI II gives the results 
of the analyses from samples taken before beginning and after 
ending the experiment. 

KEBULTH 

A. Fresh tfludtjc. We may conclude, from tho experiments 
that, for fresh aludge: 

1. If it is brought without preliminary concentration to 
freshly prepared diying beds, it is possible that it may run through 
without being drained, even with a surface composed of grains 
2 to 4 mm. in swe. 

2. If, as in the second experiment, tho sludge hus been con- 
contratod (it contained only 80.35 per cent, moisture) it can bo 
drained on freshly prepared beds. (Practically it haw at this 
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time no value, first, because it is not practicable to obtain large 
amounts of fresh sludge with much less than 90 per cent mois- 
ture; secondly, because the draining beds become clogged after 
fiesh sludge has been placed on them). As a lule also, it gives 
out an unbearable odor, noticeable at a long distance after 
about 3 days. 

3. Drainage water from fresh sludge becomes biologically 
pure after slowly percolating through the layer of slag, but 
still contains much organic matter in solution. 

B Decomposed Sludge. The loss of water by draining de- 
composed sludge was 80 9 per cent of the total loss of moistme, 
so that only 19.1 per cent, of that lost was evaporated. 

C Comparison of Fresh and Decomposed Sludge. A com- 
parison by diaming the two kinds of sludge shows that: 

1. Fresh sludge takes much longer to become spadable than 
decomposed sludge, even when it is at first partly de-watered 
(33 as compaied with 16). 

2. Fresh sludge gives off much less drainage water than de- 
composed sludge, even when it contains more moisture (47.45 
per cent as compared with 55.7 per cent ). 

3. Drainage water from decomposed sludge contains less 
organic matter than from fresh sludge. 

4. Decomposed sludge loses more organic matter by drainage 
than fresh sludge. 

DEDUCTIONS 

Provision should be made for drainage in constructing drying 
beds for decomposed sludge. The dram pipes should be large 
enough to furnish an unobstructed flow for the large amounts 
of effluent at the beginning 

Drainage water from beds of fine slag requires no further 
treatment. It can be discharged into any stream. 

THE REASONS FOR FACILITY IN DRAINING 

The principal result of the experiments described was establish- 
ing tho fact that decomposed sludge from Emscher tanks can be 
drained, i.e , it dries in a short time by parting with a large part 
of the water which disappears (to 80 per cent.) through the porous 
bed It remains to find out what characteristics are required to 
render drainage easy. 
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Viscosity. The experiments with fresh and decomposed sludge 
furnished very important information. They .showed tluit. \\ilh 
a cover to the bed of uniform sized gi ains fresh sludge ran through, 
while decomposed sludge merely lost its moisture. Tho reason 
lies in the difference in concentration. 

With fresh sludge only the eoaiwvst ingredients remain on tlio 
drainage surface at first, owing to its fluid state, duo to the largo 
amount of contained water, while the finer material in ]mr\, 
penetrates to a greater or leas depth into the covering layer, 
some of it passing all the way through. The layer becomes more 
dense by the accumulation of the particles of sludge which pene- 
trate the suiface, no moie passes through and at a certain depth 
an almost impenetrable mass is formed of the covering material 
and the particles of sludge which, when the second or Ihird dose 
of sludge is applied may, under Home circumstances, become so 
thick that it offers a strong resistance to the passage* of waler. 
There can then be no question of draining through so impervious 
a bed. 

The more concentrated septic sludge and the thick-flowing 
digested sludge of Emscher tanks, on the contraiy, do not. pass 
through the filteimg layers, but give off their water 

Destruction of Colloids. According to the results of the second 
experiment Emschor sludge drained moro rapidly than in lifieinlly 
concentrated fresh sludge from the name plant. "Phis is due 
largely to the fact that the colloids in the fresh sludge are partially 
destroyed (in digested sludge Trans.)- Presumably the decom- 
position caused by bacteria and enzymes which attack the organic 
material on the surface, is moat apparent in the wponge-liUe, 
hydrogels filled with liquid with their enormously large surfaces. 
The destruction of these diminishes their property of holding 
water. As the sludge loses moisture it drains more easily, 

Destruction of Organic Matter. The destruction of organic! 
matter, such as fragments of animals and plants, which are found 
in the sewage from kitchen, garden and slaughter house wastes, 
takes place in the same way. These substances, which bind, and 
fi om the beginning contain, much water, are found only in very 
small quantities in decomposed sludge. 

The difference in the water content between fresh and decom- 
posed sludge shows how far the destruction of the water binding 
colloids and organic matter has progressed. As compared with 
90 to 95 per cent, moisture in fresh sludge, 1 found, e.g., in 
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Emscher sludge from the Recklinghausen plant an average of 
79.3 per cent., in sludge fiom the Esaen-N. W plant only 75 6 
per cent. Occasionally liquid sludge is obtained from Emscher 
tanks with nearly as little as 70 per cent moisture, a concentia- 
tion equal to the spadable sludge from centrifugal machines 
On the 8th of April, 1909, in an average sample of 123 58 
cu yds (94 34 cbm ) of wet sludge diawn off undei watei, fiom 
the Essen-N. W plant, e.g , I found 71.9 per cent, moistuie, from 
another taken May 8, 1909, of 85.1 cu. yds (65 cbm,), 71 35 per 
cent, moisture, while, according to examinations made at the 
Royal Experimental Station for Water Supply and Sewage 
Disposal 1 , the spadable centrifuged sludge from Harburg con- 
tamed between 69.7 and 74 2 per cent moisture, an average of 
72 5 per cent A sample taken by me at Harburg in 1908 
showed 68 8 per cent. In Frankfort the fresh centrifuged sludge 
contained about 70 per cent moisture (according to data fui- 
mahed me there in 1908). 

The destruction of water binding substances is shown also 
when in a spadable condition. 

Thus I found in 4 samples of Emscher sludge at Recklmg- 
hausen-Ost which had just become spadable, an average of 
58.27 per cent., in 13 samples from Essen-N. W. an average of 
62.34 per cent. 

We may thus assume for spadable fresh sludge about 71 per 
cent, moisture, for spadable decomposed sludge about 55 per 
cent. 

Gas Contained. The ability of decomposed sludge to drain is 
materially assisted by the gas contained. As already mentioned, 
large quantities of gas are formed by the decomposition of sludge 
m Emscher tanks, which consists mainly (about 3/4) of methane 
and (about 1/4) of carbonic acid. These gases pass off as soon as 
laige bubbles are formed from the original minute ones, as the 
former overcome the pressure of the overlying layer of sludge. 
A large volume of gas at one point is necessary to effect this. 
The bubbles remain in the viscous material until this occuis. 
At the greatest depth, about 33 ft. (10 m.) the gases are under a 
pressure of one atmosphere. If sludge is drawn off it conies 
filled with compressed gas With the release of pressure from 
this greater depth the volume of the bubbles increases, incieamng 

1 Retohta and TWesmg " Mitteilung aus der KaL Prflf-Anst. far Wasaenr uud Abw&Bser- 
,", No, 10. 
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the volume of the sludge. This, being full of those gas bubbles, 
is changed into a foaming mass. The increase in \ oluine rendeis 
diamage more easy. The tendency to peneiralo the surface 
layer of the beds is reduced. The water in tlui sludge passes 
through the channels formed by the, disappearing giiH, seeps 
down and drains off. If sludge- freshly drawn from sin Kinsehcr 
tank is allowed to stand in a glass cylinder (which may be con- 
sidered an impervious sludge bod) bubbles of gas may bo seen 
on the sides which gradually increase in number and sine. The 
volume then incieases and a layer of clear water I'oiins al the 
bottom. The volume of sludge above the water is not reduced as 




as 



Fid. 34 



it has a foamy structure, i.c , it contains a groat number of small 
and large compartments filled with gas bubbles. Tin's fouiny 
material, being lighter than water, is forced up by tlui wuteV 
which settles to the bottom. It alno Kproads tut the gas incivaneM 
in volume. The volume of the whole is thuM ineruanod by mnn\ 
than that of the water at the bottom, 

Figs. 33 and 34 illustrate the proeosH. The original heigh! of 
the sludge is indicated by the upper edge of the utrip of paper. 
The second cylinder shows how the water hiw wottled after L't 
hours and the entire volume is increased. The thin lu^er of 
sludge at the bottom is composed of heavy particles which uro 
deposited later, aa shown by the solid particles just sinking. 
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This method increases the ease of drainage appreciably. The 
watei can filter through unhindered as it reaches the porous cover- 
ing containing no sludge 

Fresh sludge is just the leverse in this respect. The water 
does not sink, but rises. Fig 35 lepresents fresh sludge from the 
clarification plant at Essen 24 hours after being placed in the 
cylinder The upper edge of the paper indicates again the orig- 
inal surface of the sludge. It can be seen that the sludge has 
not risen and that dirty water is on the top. 

In order to show to what extent the enclosed gases cause 
these phenomena in decomposed sludge and whether a subse- 
quent evolution of gas assists, I expenmented with a sample of 
sludge from Essen-N. W. by warming a portion of it for two 
hours at 99 F. (37 C.), and stirring it frequently to lemove" the 
larger gas bubbles and then removing the gas as much as possible 
by subjecting it to the vacuum produced by a good ejector while 
shaking it frequently. The sludge sample so treated and an- 
other without having the gas removed were allowed to stand 2-i 
hours with as uniform a temperature as possible. 

The onginal amount and the increase in volume and the set- 
tled water were measured 

TABLE IX 
SLUDGE intoM TANK No 5 OF THE EssEN-N. W. PLANT 





1 In original condition 


2 With gas removed 


Gill* 


c c 


Gals 


c c 


Quantity at beginning 


of 


1000 


415' 


0832 


315 


experiment 
Aftor 24 haurn 
Incrwiflo in volume 




1400 
0304 


30 
115 


0937 
0105 


356* 
40 


Btimo in pur cont of 


I 


27 7 below 


12 7 above 


onsinul lunouiit 
"Water Huparatcd 


} 


0105 1 40 


0040 15 


Same in per cent of 


\ 


(I 64 


4 76 s 


original amount 


} \ 





The temperature at the beginning was 60.8 F. (16 C.) and 
at the end 59.9 F. (15 5 C ) 

i^Uinonauul '456m original 4 3 m onginal The foregorng alterations made 
to secure consistent resulte aa the original figures are erroneous Tr 
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It is an astonishing fact that in .spile of tin- j. 1 ,:^ ienm\ed then- 
was a perceptible increase in \olume, although thi.s \\:i^ not 
quite half so large 1 a>> before. Il is possible, eil her I Iml !ln':!*i 
was not entirely removed and that a thicker more \\,ilei\ la\er 
had accumulated in the lo\\er part of tlie sludge, I'oiciii" up ilic 
lighter parts, or else that, on accounl, of (In 4 action of luiciriia 
and enzymes on the sludge, there wan a I'm I her development of 
gas, thus increasing the volume. Probably 1ml h these \ie\\-. 
are true.. 

EXPERIENCE IN METHODS OF DUATMNC vr LAIK.I: 1 'JAM'S 

These experiments show that with proper preliminary treat- 
ment (docomposition under water in deep tanks) .-.lud^c on 
drained drying beds may bo easily separated into a spadiible 
earthy material and a harmless liquid which has the ehurnet er- 
istics of an effluent from contact, beds. These experiment s, 
although successful on a small scale, do not solve the question as 
to the applicability of this method to ti large plant. 

Drying sludge by draining has been practised on a large sculo 
at Recklinghausen-ORt (28,000 inhabitants), Mssen-N \V. 
(60,000 inhabitants) and Bochum (18t) f ()()() inhabit mils), us uHl 
as at several smaller plants. The, results have been much nioie 
favorable than was anticipated. Much material is uMuhibli- 
regarding the results of drying at, the more accessible oi the t\\i 
large plants, that at Kssen-N. W., collected by operating m^i'iircr 
Blunk, in so far as it relates to the measurement of the depth of 
sludge and the timo of drying, in comieeleoii with eslinmles fur 
the contractors for tho removal of the sludge aul homed ly the 
Emscher Association. Theso measurements ha\e bci-n ^imun 
in diagrains (not reproduced). The rainfall was lucnsim-d by 
Mr Winter, Muuicipal HupeiinUmdent of CliirUlciiiiuii, ut tin- 
Essen plant. 

Description of frying JMs. -Tho di-yiiig bed at Mssen-N. W, 
for sludge taken from a tank 2!)., r j ft. (!) in.) deep hV M several 
meters below tho surface of tho ground and is artificially drained 
by ^ an ^underground conduit laid parallel with tho stream to 
which it empties, and ha an outlet below n datn, The bed H 
supplied with drain pipes laid end to e,ml, at intervals of s.'J to 
9.8 ft (2.5 to 3 in.). -Those lead to an open ditch siiffoiimliu 
the bed. Above the pipes is a layer of furnace slag 1'J in. (!) cm.) 
thick, and above thi a layer of cruwhod si tig fS-10 in. ('2 cm.) 
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thick (Coke cindeia are sometimes used in place of the latter, 
us they aie often cheapei). In recent plants having a sand 
catchci the gut taken fiom this is used As this contains no 
floating ptu tides it need only be placed in thin layers 

The diymg bed is divided longitudinally by planks into 3 paits, 
numbcied I, II and III They are 3465, 3411 and 3153 sq ft 
(322, 317, and 293 sq m ) in size Each has, along the middle, 
mils suppoitcd by piles for cairying the sludge away. The 
plant begun operation in December, 1908 Sludge was placed 
on beds I and III Apiil 8, 1909, and on bed II April 10, 1909. 
In a short time (3 to 5 days) it became spadable, but was not 
icmovcd from the beds until Apiil 19, 1909 (Time of letention 
9 to 11 days ) 

NOTE BY TRANSLATOR 

In the eonclusions drawn from these expeiiments no con- 
Fuderation has been given to these fiist draimngs, as it could not 
bo dctei mined definitely when the sludge became spadable. The 
i osults that wei e reached cover the period of a full yeai , ending 
May 1, 1910. 

The septic sludge received by the drying beds was as follows 



Month, 1900 


Bod number 


I 


II 


III 


Total 


f'u vcls 


Cbm 


Cu yds 


Cbm 


Cu yds 


Cbm 


Cu jds 


Cbm 


Inv 
uuu 
uly 

UKUHt 


355 3 
BC8 1 
271 7 
278 1 


271 
273 8 
207 7 
212 6 


424 1 
204 8 
201 2 
337 2 


324 _' 
202 4 
153 S 
257 8 


360 4 
337 3 
175 5 
326 5 


275 5 
257 9 
134 2 
249 6 


1139 8 
960 2 
648 4 
941 8 


871 3 
734 1 
495 7 
720 



The total for June, July and August was about 2550 cu yds. 
(1950 cbin.) in 92 days, giving an average of 27 7 cu yds 
(21 2 cbm.) of septic sludge per day containing about 80 per cent, 
moisture 

According to Spillner and Blunk 1 the mean daily flow of 
sewage to the Essen-N W. plant was, at the time under con- 
sideration (1909-10), as follows: 

i Tech. Semeind., VoL XIII (1910) 
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Sewage from 60,000 peiKons 2 77J mil gal lO.fiOO i-lnn ,'W I)' 1 ;, 

Wastes from Krupp'H wm kh !> fil mil gal Wi.MOO cbm ('{ 7' 

Mine drainage <> 2<P. mil gul UMM) Hun ] j { , 

Coal washing wutor <> IS 1 K'd r ' ()() < ' 1 "" J ' '' 

Total 1 1^ l>8 mil tfnl IS.OOO Him. 101) 0' 1 ,', 

If we assume this volume equivalent In tlml. derived from u 
population of 05,000, we have 

Volume of sewage per capita daily 11) tS gallons -7UX lit 

Volume of wot sludge per thoiiHund persons 

daily . 120 ru. .\ils :iL'(l Hun. 

Volume of wet sludge per million gallons 

sewage 21" 'i >'' s 

Volume of wet sludge por oubio mok-r sowsigp, . 1 1 2 111 . 

The icsults of opeiatiou show tliai. I lie cxpecl-ulion.s from I lit- 
methods adopted for diuiiia^- luivo boon reali/od. In spile of 
an unusually wet year, sludge uvonigiiitf ( J in. ('JM cm.) in doplh, 
became spadable in 587 days. SoniclhncH, in ilry NVt-ulhor, il, 
diied in 2 clays, as May 11 (III) and May i20 (11); in SoptcmhiT 
sometimes in one day 

In the 3U5 days undor confudonition, tho drying bods vtoro: 

I Occupied 23b' day.s Kmi>|.y 12!) days 

II Occupiod 240 duy Kmpty 111) d,'i>s. 

Ill Occupied 294 daya Empty SI days. 

These figures show that the bodn woro not completely ulili/od 
although their area wan but iibout, DOS I Hq. ft. (!M){) w|. in.), 
making, for a population of 00,000, only 0.101 sq. ft,. (0.01, "> HI|. 
m.) per capita The tubloa nhow, moroovor, tluii, Hindoo is 
seldom removed in winter. AH it taken lon^ur to decompose and 
to dry in winter than in Hiimmor, care was t.akon to provide IM 
much storage capacity as possible hi the deep sludge chambers in 
winter In this way one is independent- of the weather, us it is 
only necessary to discharge Himill quantition of slud^o, ami Lhctui 
at long intervals. 

Table X shows the changes which Hindoo Tiuder^ocH in drum- 
ing The amount was reduced 4f> to 5S per cent, in weight, 00 
to 77 per cent, in moisture and 0.1 to 0.9 per c-ont. in dried 
material. 

1 The Knipp wastes contain tho woo and water iiaod In liwalorlen fnuu iilmut 10,000 
workmen The sowers twe on Iho combined nyntom. The clmpoul wurkti nuunint nf Iwu 
grit chambera, one course screen imd nlnu Braaohar toukw. The-no wt^ro limit In MH)7 a 
and put In operation November, 1008. 
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Thirteen analyses gave an average of 52 3 per cent moistuie 
in apadable sludge 

Drainage Water Diainage water, of which seveial samples 
were taken, showed the same favorable characteristics as in the 
experiments descnbed 

'24-Houi Samples. In order to avoid any accidental eirois in 
sampling and in order to show the changing composition of the 
diamage water in the comse of the experiment, continuous 
average samples were taken on August 12 and 13, 1909. The 
samples, which were taken hourly from all of the 15 effluent 
drams, were mixed together for each 3-hour sample and ex- 
amined The leault of these analyses is given in Table XI 

TABLE XI 

ESSEN-NOKDWEST CLARIFICATION PLANT 

Drainage Water, August 12 and 13, 1909, from Bed III 



Time 


10 15 
to 

1 15 


1 Ifi 
to 
4 15 


4 15 
to 
7 15 


7 15 
to 
10 16 


10 15 
to 
1 15 


1 15 
to 
4 15 


4 15 
to 
7 15 


7 15 
to 
10 15 


Gallons per period 1 


296 


193 2 


186 4 


164 9 


142 7 


123 


88 9 


83 7 


liters por period 1 


1,120 4 


7314 


705 5 


624 


540 7 


465 6 


336 6 


316 7 








Porte p 


erMillio 


n~Mg 


per liter 






Residue on evapora- 


















tion 


2,713 6 


2,831 5 


2,935 5 


3,012 


2,863 


2,713 


2,612 5 


2,560 


Rumduo on Ignition 


2,208 fi 


2,440 6 


2,491 5 


2,678 5 


2,557 5 


2,427 5 


2,286 5 


2,229 


Lous on Ignition 
Ghlormo 


415 
426 


391 
488 


444 
520 


433 5 
644 


305 5 285 5 
556 560 


326 
556 


331 
540 


Nitrogen, total 


47 6 


47 6 


53 2 


47 6 


49 7 


51 8 


51 8 


49 


Nitrogen, as H4N 


21 


23 8 


23 1 


24 5 


30 1 


35 


36 4 33 B 


Orgnnlo mtrogon 


7 


1 4 


3 5 


1 4 


2 3 


2 1 


7 


j. -t 


N In mtratcB and 


















mtntoM 


25 


22 4 


26 6 


21 7 


16 8 


14 7 


14 7 


14 


piiHpondod matter, 
total 


70 6 


91 


69 6 


44 4 


1 46 2 


57 8 


194 2 


159 6 


Mineral 


53 


64 S 


50 


27 8 


31 8 


41 6 


145 4 


116 8 


Organic 


26 6 


26 2 


19 6 


16 6 


14 4 


16 2 


48 8 


42 S 


PutrcHCibllity 10 days 
starugu in closed 


Not 


Not 


Not 


Not 


Not 


Not 


Not 


Not 


fhwk, 


putroflo 


putreso 


putreso 


putreac 


putreac 


putreao 


putreso 


putreac 



It shows that the drainage water meets the demands of a 
biologically puie water, for the nitrogen is almost ^ entirely 
mineralized and the liquids show no signs of putrefaction (H a S 
reaction) even when kept for 10 days in a closed bottle. 

i The word "Stunde" la taken to mean period rather than hour. Tr. 
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Drainage, therefore, fulfills all expectations from the experi- 
ments as to time of drying and composition It is employed at 
the six plants now in operation in the Emschei Distiict 

Removal of Drained Sludge At one of these plants (Reck- 
Imghausen-Ost) the drained sludge is sold as a fertilizer to the 
farmers at 12 cts. (50 pfg ) pei cartload (at the dumping ground) 
In the 3 years during which this plant has been in operation, the 
demand has exceeded the supply, so that the sludge is usually 
sold long before it is prepared. 

When no f aiming is cairied on in the neighborhood, drained 
sludge is used for filling in land. It is particularly well adapted 
to this as it does not soften with the rain and is so firm that large 
deposits of it can be walked on without sinking 

At Essen-Nord, which was built this year, attempts will be 
made to dry the drained sludge from 180,000 inhabitants in 
furnaces, similar to those used for the incineration of street 
sweepings. 

In the 15 plants to be built this year in the Emscher District, 
draining beds for drying the sludge have been planned and are, 
in part, constructed. 



RESULTS OF THE OPERATION OF 
SOME OF THE MECHANICAL SEW- 
AGE CLARIFICATION PLANTS 
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BY 
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MR. BLUNK 
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TRANSLATED BY 

E. KUICHLING, C. E. 



INTRODUCTORY NOTE 

The foregoing paper by Dr.-lng. Spillnor presents in a com 
pact foirn the icsults arrived at by the J'Jmschcr Assix-hidon in 
the operation of the type of sedimentation tank devised by Dr. 
Ing Imhoff for the Association up to tho end of 1!)(H). Tho 
viewpoint taken is, naturally, that of tho scientist, and tlio 
conclusions diawn are largely from chemical and physical tos-ls 
of samples taken during tho operation of tho several treatment, 
plants. 

This paper is now very appiopriately supplemented by ono 
bringing the subject up to tho present yoar writ ton by Dr.-lng. 
Spillner in conjunction with Mr. lilunk, tho engineer in cliurKo 
of operation. This, therefore, not only hun the advantage of 
a longer experience with thin .mode of treating sewage, and of 
the various comments and ciiticimnH concerning the Mmnchor 
tank that have been made during tho past yoar or two and 
which are, in effect, answered in this way, but of the additional 
opinions formed by one intimately connected with the plants 
in their varying conditions of actual operation. 

More or less matter in the original toxt is, almost noeoHHiirily, 
a icpetition in new form of what was contained in SpiUner's 
original paper. Ho far as coiiHwtont with the proper form and 
interpretation of this later work such matter has been omit led 
m the translation, the reader being referred to the earlier paper. 

K. A. 
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RESULTS OF THE OPERATION OF SOME OF 
THE MECHANICAL SEWAGE CLARIFI- 
CATION PLANTS OF THE EMSCHER 
ASSOCIATION. 

MEASUREMENTS OF THE SLUDGE 

The quantity of sludge contained in each tank of the sewage 
clarification plants at Essen, Recklmghausen and Bochum was 
measured at inteivals of ten days in older to control piopeily the 
treatment of the sludge. These measurements were made by 
Hounding; with o. thin sheet iron plate, as the surface of the sludge 
is always horizontal and compact or dense enough to sustain the 
weight of the light plate. In this way the depth of the super- 
incumbent liquid was readily determined, and thence also the 
volume occupied by the sludge. Any decrease in this depth 
represents a corresponding increase in the volume of sludge. 
The quantity of water contained hi the sludge vanes at different 
depths in the mass, but the error in measurement caused thereby 
in balanced in the successive observations, as the proportion is 
approximately constant These soundings are entered in a 
special book, and the corresponding volumes of sludge are 
Hukscquently computed and recorded in the office 

For convenience of inspection the records are also kept in 
diagram form, with the ordinates representing the total quantity 
of aludge deposited and the abscissas the number of days elapsed 
from the outset. The discharge of sludge from each tank is 
similarly recorded and shown on the diagram. By properly 
connecting the successive points thus located, the diagram for 
each plant will exhibit two more or less irregular hues of which 
the upper one shows by scale the total volume of sludge de- 
posited, while the lower one Bhows the total volume of sludge 
discharged, since the day that the plant was put m operation; 
and the volume of sludge contained in the tanks at any time 
*B difffiW between the ordinates of 
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also enables us to determine approximately how long llie sludge 
which was removed lemumcd m the lank. This is dune hy 
simply moving to the left the oidimite of the Io\\er line until 
it coincides with the equal ordinato of the upper line, and noting 
the coiresponding interval on the axis of abscissas \\hich eihmvs 
the number of days. Seveitil nu<;h diagrams are given in the 
paper, but with one exception are here oniitled. 

For example, the diagram for the JtccKHnghtuiscn plunt 
shows that on April 20, 1900, the total deposit of sludge was 
2609 cu. yds. (1995 cbm.), and that on the .same day . r >!) ru yds. 
(45 cbm) were discharged, the total previous discharge having 
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been 1910 eu yds (14CO cbm ); lionco on this day the aggregate 
discharge was 1910 + 59 = 1909 eu. yds. (1505 cbm.). Hy 
moving this ordinato to the left until it intersects the upper 
line representing tho total sludge deposited, it will be found tiiat 
this intersection corresponds on tho a\is of abscissas to Oct. 17, 
1908, thus indicating that the sludge which WUH removed 
on April 20, 1909, had remained in tho tank for a period of nix 
months In reality, however, the period of detention in fho 
tank is considerably less, as tho sludge does not descend or movo 
at a uniform rate from the surface to the month of tho discharge 
pipe in the sump at the bottom of the tank. 
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Before and after any sludge is discharged from a tank, the 
position of its surface is always carefully noted by soundings, 
as above described The difference between these two measure- 
ments gives the quantity lemoved, which is checked by measur- 
ing the depth of the mass at a number of places upon the level 
diying bed or filter. If made quickly, or before an appieciable 
quantity of water escapes into the underdrains of the bed, the 
two measurements agiee closely. 

The amount of water hi the discharged sludge varies with the 
depth of the tank and the age and chemical composition of the 
sludge As will be shown subsequently, it contains on the 
average about 75 per cent, of water as it leaves the tank; and 
after being allowed to diain for a few days upon the drying beds, 
the quantity of moisture reduces to 52 per cent, at Essen N. W. 
and 65 per cent at Recklmghausen, or to 58 per cent on the 
average By tins diamage the volume of the sludge is reduced 
about 40 per cent., and it then becomes consistent enough to be 
spadable, 01 to be cut and handled with a shovel 

The authors exhibit in diagram form the results attained with 
the sludge of the Essen-N. W. plant for the year from April 1, 
1909, to April 1, 1910. There are three separate sludge draining 
beds, and the observations relating to them during this period 
are shown graphically. The several lines indicate the date and 
quantity of sludge discharged, and the subsequent date and 
volume when the sludge had become spadable and was removed 
from the drying bed; also the depth of the rainfall and the date 
of its occurrence. When first taken from the tanks the sludge 
contained from 72 to 75 per cent, water, and when finally carried 
away from the bods it contained fiom 55 to GO per cent water. 
The abscissas indicate the number of days required for the sludge 
to become dry enough to handle with a shovel Thus on October 
6, 1909, 95 6 cu. yds. (73 cbm ) of liquid sludge was dischaiged 
upon bed No. I, and only three days later it was found to be 
spadable, its volume having reduced to 53 1 cu. yds (40 5 cbm ). 
In this short period the shrinkage in volume was 42 5 cu. yds. 
(32.5 cbm ) or 44 5 per cent. 

Another diagram shows the accumulated volumes of liquid and 
drained sludge during the twelve months mentioned, each by a 
continuous line or curve It shows that during this time 7194 
cu. yds (5600 cbm.) of liquid sludge had been discharged from 
the tanks, and that this volume had been reduced by drainage 
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to 4709 cu. yds. (3600 cbm ), thus making the average shrinkage 
in volume 35 per cent. The proceeding diagrams also indicate a 
large variation in the time required for tho sludge to become* 
spadable, but the reason therefor becomes evident, on comparing 
these periods with the corresponding rainfall Thus on July 13 
and 14, 1909, all of the beds had boon filled with Hludgo, and in 
the afteinoon of the fourteenth, an excessive rainfall occurred 
that yielded a depth of 1 34 in , and by tho failure of an embank- 
ment caused the sludge beds to become covered with water to a 
depth of 8 in. In consequence of this accident the Kludge in one 
of the beds did not become spadable until July 27, a period of 
14 days, although a much shorter time sufficed in the other beds. 
Such cases, however, are exceptional, and tho average, period, 
including rainy weather, is from G to 7 days. 

In dry summer weather, the drainage or drying is frequently 
accomplished in two or three days, while in Revere winter weather 
a somewhat longer time is required, as the ,wator in tho sludge 
may then freeze This freezing is troublesome, as the sludge after 
thawmg is not only rendeied nearly as wet as it was originally, 
but is also deprived of its contents of gases upon which tho 
facility for quick drainage depends in high degi ce. This peculiar 
property was fully pointed out in a paper by Dr. Imhoff, in 
Techmsches Gem&indeblatt, October 5, 1910, pp. 103-19!). In 
consequence of the escape of the gases while the frozen mass is 
thawing, the wet sludge settles upon tho surface of tho bed, there- 
by causing it to become clogged and compelling the water to rwo 
to the top of the liquid mass, aH in tho caso of frenhly deposited 
sludge. For this reason it becomes expedient to discharge but 
little sludge in winter, and to make the utmost UHO of tho Htoragci 
capacity in the septic, chambers of the deep tanks by withdrawing 
therefrom as much sludge as possible while the weather i favor- 
able in the summer and autumn. 

The sludge beds of the Esuen-N. W. plant have an area of 1077 
sq yds , and in the said period of twelve months they drained a 
volume of 5500 cbm., or 7195 cu yds., of liquid sludge. This in at 
the rate of 6 68 cu yds. per square yard of surface per year, which 
represents a depth of 20.04 ft. on tho entiro surface. Tho liquid 
sludge was deposited on the beds to a depth of from 8 to 10 in. 
at each application, thus requiring about 27 or 28 application 
peiyear in order to drain the stated volume; and as tho average 
period of time required for drainage is about days to each 
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application, it follows that the sludge beds must be in active use 
foi an aggregate of 6X28 = 168 days per year. This computa- 
tion shows that in the climate of Essen ample time is available 
dm ing the year for the repeated fillings, clearings and repairs of 
the sludge beds after due allowance for freezing weather in 
winter. 

At all the other plants of the Emscher Association, the experi- 
ence with the sewage sludge is similar to that at Essen-N. W , 
as described above. It should also be mentioned that at Reck- 
linghausen, Holzwickede and the colony at the Count Schweiin 
Mine, the drained sludge is taken away by neighboring farmers, 
while at Essen and Bochum, where little agriculture is carried on, 
it must be used for filling depressions and low places. [The 
populations tributary to the Recklinghausen, Holzwickede 
and mine colony plants are respectively 30,000, 3200 and 3100, 
while those tributary to the Essen-N W. and Bochum plants 
aie icspectively 60,000 and 145,000 The aggregate dry- 
wcather flow of sewage at the first thiee plants is about 2,460,000 
IT S. gallons per day, while at the last two plants it is about 
2/5,910,000 U. S. gallons per day and contains much mine drainage 
and ground water The quantities of sludge produced annually 
at each plant are not given, but it is obvious that only a small 
proportion of the drained sludge finds agricultural utilization. 
Trans.] 

It is of much interest to compare the volume of the fresh sludge, 
as it is deposited in the settling chamber or upper portion of an 
Emscher tank, with that of the decomposed liquid sludge dis- 
charged from the bottom of the septic chamber, and also to 
determine how much of the original volume is left after the septic 
sludge has been drained or dried until it attains a consistency 
like that of moist earth which can be cut and handled with a 
shovel. Let us assume that the fresh sludge contains 95 per 
cent, water. After remaining for several weeks in the septic 
chamber, it will contain only 75 per cent, water, and about one- 
third of the original quantity of organic matter will have been 
gasified. In 100 cbm. of flesh sludge there will accordingly be 
5 cbm. of dry solid matter, of which 65 per cent, on the average, 
or 3.25 cbm , will be organic matter. Since one-third of this 
'latter substance, or 1.08 cbm , becomes gasified, the remainder 
be- (3,25 - 1.08) =217 cbm. of organic matter. The mineral 
wii founts to 5X0 35 = 1.75 cbm , and hence the original 

,rto-U t j, 



178 SEWAGE SLUDGE 

volume of 5 cbm. of dry solid matter is reduced to (2.17-1- 1 75) 
3 92 cbm., of which 55 per cent is organic and 45 por cent,, ininei al 
mattei. The septic sludge, however, contains 75 per cent, 
water; hence with this addition of water the 3.02 cbm. of 
resultant dry solid matter will have a volume of 3 02X'l ~ 15. OS 
cbm. The original volume of 100 cbm. of fresh sludge has 
thus reduced to a volume of 15.7 ebm. of the liquid woplic sludgo 
yielded by an Emscher tank. This represents a Hhrinka^e in 
volume of about 84 per cent. 

Furthermoie, this liquid septic sludge Hlirinks about 10 per 
cent in volume by drainage upon tlio beds to a spadablo ci in- 
sistency. Its volume ill the aforesaid case is thus reduced to 
157x00 = 94 cbm, and hence wo have a total reduction in 
volume of (100-9 4) =90.0 cbm., or nearly 91 per cent., of Llie 
original volume of 100 cbm of freshly deposited sludge 1 . 

EXAMINATION OF THH LIQUID SLUDCJM 

The data given in the tables refei to average samples of tho 
sludge. In collecting samples for examination, a small portion 
of the liquid is taken at regular intervals during tlio period of 
discharge as it flows in the open trough on its way to tin- sludgo 
bed, and by mixing together all these portions an average sample 
is obtained. These avciagc samples aic placed in tightly closed 
jais and brought to the laboratory, whom they arc usually 
examined on the same day. The examination generally em- 
braces the following determinations: 1. The external peculiari- 
ties and smell, 2. the amounts of contained \\ator imd tlry 
matter; 3. the proportions of organic- and mineral substance in 
the dry matter; 4. amount of total nitrogen in the dry mat tor; 
5. reaction, alkaline or acid, 0. amount, of fat in tho dry matter; 
7. amount of gas-making matter and fixed carbon, by coking; 
8 amount of silica, iron and alumina in tho ash. 

The results of a number of such sludge analyses are given nil 
pages of Spinner's paper on "Tho Drying of Sludge," Theso 
data are now supplemented by tho tables given in tho present 
paper 

The sludge that is decomposed in tho deep lOmtwhor tiuikn 
is very black in color, and has tho consistency of a more or 
less thick gruel. It is usually quite liquid, and flows easily 
in a trough. In this state it is difficult for tho unaided oye. to 
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recognize the nature of its various components. Its reaction is 
always slightly alkaline. It has a faint odor of india-rubber 
01 tar, even in localities wheie the liquid wastes of coke and gas 
works ai e not admitted into the sewers. This tarry odor is due 
to the activity of certain mici o-organisms, and is also found in 
well-decomposed river mud and the sludge from other well- 
ripened septic tanks. It is always faint, and can be detected only 
in the immediate vicinity of the mass; hence it cannot pollute 
the atmosphere sufficiently to be regarded as a nuisance if the 
sludge is properly decomposed. Every Emscher or other septic 
tank, however, requires a certain peiiod of time after being 
placed in seivice before its operation becomes satisfactoiy, and 
therefore it may happen that a senous nuisance will arise if the 
sludge is discharged too eaily upon the drainage beds. Such a 
condition occurred at two of our plants, Recklinghausen and 
Bochum, before we had learned by experience how to prevent it, 
but after they had been in operation a sufficient length of time 
the development of all disagreeable odors ceased If it becomes 
necessary for any leason to dischaige undecomposed sludge dur- 
ing this ripening period, the material should be tieated like other 
freslily deposited sludge, such as quick buiial in the ground. 
The large amount of gas contained in Emscher tank sludge, 75 
per cent, of which is methane (CH 4 ), and therefore combustible, 
and 25 per cent carbonic acid (C0 3 ), has already been mentioned 
in Spillner's eailier paper. These gases also contain traces of 
hydrogen, nitrogen, ammonia and sulphuretted hydrogen. The 
part played by these gases in rendering the sludge mobile and in 
facilitating its drainage and drying has also been explained. 
The specific gravity of the sludge obviously varies with the 
amount of gas present. This is demonstrated by the fact that 
from time to time large quantities of sludge will Detach them- 
selves from the bottom of every septic tank and rise to the sui- 
f ace of the liquid, where they discharge their contents of gas and 
then sink again to the bottom. Sludge that is free of gas has a 
specific gravity of 1.09 to 1.22. 

Details of analyses are given in the following Tables I, II and 
III, relating to the Recklinghausen, Essen and Bochum plants, 
* In regard to the analyses at Recklinghausen, it should be 
remarked that since the end of 1908 this sludge cannot be con- 
sidered as normal Emscher tank sludge, because the capacity 
of the plant has been greatly exceeded' by the unexpectedly 
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rapid increase in the quantity of sewage, and hence tho tune 
required for a thorough decomposition of the sludge in no longer 
available. The quality of the sludge, moieovoi, is different 
fiom what it was formerly. No bad results, however, have yet 
appeared, as the change in quality is manifested only by the 
laiger water content of the sludge, and the longer time required 
for its drainage on the beds, but it does not bcoomo putrid in 
diying, which is the main thing to be attained. It is intended 
to relieve the tanks to some extent by first passing the Hcwugo 
through a detritus chamber which will extract the sand ami 
other heavy matter. The rapid increase in the quantity of 
sewage fiom the other cities will also affect the icmainmg pluntH 
by reducing the time available for the decomposition of the 
sludge 

Table I gives 30 analyses of liquid sludge from the Emscher 
tanks of the Reoklmghausen plant, taken on 1/3 different days 
between June 14, 1907, and Septembci 2, 1910, threo or four 
analyses of the same date often i elating to tho sludge fiom 
different tanks; the depth of the tanks is not stated. Tho 
essential figures ai e as follows . 



TABLE I 

ANALYSES OF EMSCHEH TANK SLUDGE 



Water content, per cent 

Dry matter, per cent 

Mineral component of dry mutter, per cent 

Organic component of dry matter, por cent 

Nitrogen component of dry matter, per cent 

Pat component of dry matter, per cent 



Mnx 


Mill 


A V, W 


88 3 


7. r ) 


Hl> 


2fi 


U 7 


17 1 


fl4 4 


40 H 


5-1 7 


CO 2 


8B 


45 11 


3 M 


1 IN 


1 74 


10 71) 


C 17 


H7 



Table II gives 16 analyses of liquid sludge from the 9 Emschei' 
tanks of the Essen-N. W. plant, taken on 15 different days 
between April 4 and October 11, 1909; of these analyses rofor* 
to either mixtures or averages from 2 or 3 tanks All these 
tanks are 9 m. = 29 5 ft. deep. The essential figures are as 
follows 
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TABLE II 
ANALYHHH OF KMSCHKJI TANK SLUDGE ESSEN 



A\ ut'T (loiitoul, )ir oont 

Dr\' mutter, pur iit'iit 

Mineral rompownt of dry miitlr, por cent 

(>riimu component of dry mutter, par cent 

Nit iiiKdt (lompununt of dry lanttur, per oont 

Kut ompoiu'iit of dr\ mittor, por cont 





Max 


Mm 


Average 




81 8 


71 3 


75 6 




28 7 


18 2 


24 4 


I 


53 5 


37 6 


45 1 




82 4 


48 5 


54 9 




1 43 


1 02 


1 22 




7 36 


3 44 


4 05 



Table III gives 24 analyses of liquid sludge from the 18 
Kmsc-hor tanks of the Bochum plant, taken on 11 different days 
boi.woen tfcbmaiy 11, 1909, and December 13, 1910. All of 
those analyncs refer to single tanks; the depth of the tanks is not 
H( al oil. The essential figures aie as follows: 

TABLE III 
YNALYSKS OF EMSCHBII TANK SLUDGE BOOHUM 





Mnx 


Min 


Average 


Water pontitnl, por mint 


83 


70 


78 1 


l)ry lua if nr, PIT cent 


29 1 


16 1 


21 9 


JHiitinil component of dry mnttor, por cent 


71 5 


49 3 


61 9 


( IrKtinlc ( ninptmnnf of dry matter, pcir cent 


50 7 


23 5 


38 1 


Nltn'Kun (tomptmciit of dry matter, per ount 


1 50 


87 


1 18 


Put ((iiiiiiniiont of dry mutter, por oont 


12 30 


3 53 


6 12 



ft. IIJIH boon observed that the water content of the sludge 
(Icpi'Hils in high degree on the depth of its surface (as determined 
by Hounding in the manner described in the foregoing) below 
1 iii HIU f uoo of the water in the tank, and also upon the age of the 
nl i u I go. If a tank contains only a small quantity of sludge, the 
in-osumption is that the sludge was deposited quite recently and 
that, it. will contain a relatively high percentage of water. This 
is nlwtiyn the caso in our tanks at the end of summer, as they 
nro opomtod HO as to discharge as much sludge as can possibly 
bo dried during the warm season, and thus make room in the 
tanks for the accumulation of sludge during the frosty days 
when it cannot be discharged upon the drainage beds On the 
other hand, if the septic chambers are filled to a high level as 
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will be the oaso in plants of siiflicient eapacit \ li hold the -hidi-i- 
accumulations of from J to t month.",, I In- sludge \\ill eimlmii :t 
very low peu-entago of watei. Tin- normal low pern-lit ane ;if- 
the Boclium and JOssen plants is about, 73 per cent. 

The easy separation ot tJio lii|iiiil sludge into \\atcr and ji 
spadable mass is explained not only by tin 1 ad inn >l the gjiws 
alicady mentioned, but also by the fact ihal the niganic matter 
has undergone an extensive decomposition. UnfortumileK a 
measure for this decomposition cannot be deduced from the 
available analyses, as the data ate not sudicienlly complete to 
admit of a comparison with the composition of the fresh sludge; 
but other investigations are now in progress from \\hich it \\ill 
be possible to make such a comparison We c;in, ho\ve\ er, form 
a rough estimate of the extend of the sludge dei-,1 ruction or 
digestion by considering thcj volume of the gases produced. 
Several measurements of this volume were made at. Ksscn-N. \V., 
and it was found that the plant yielded from 21,700 to :i1,S()0 
cu. ft. (700 to 900 obm ) of gases per day. The weight of such gun 
is about (1 0855 Ibs. per cubici yard, or U.OOU t Ibs. per cubic foot) 
(1 kg. per cbm ), and hence from l, r >l() to IflSO Ibs. (700 to 000 kg.) 
of organic matter in the sludgo \\ero gasided eveiy day. f i'h 
records show that during that period the average daily produc- 
tion of decomposed liquid sludge was IS ,'il cu. yds. (1 1 cbm,), 
of which 24 per cent was dry matter; and as (ho specific gravity 
of the sludge is approximately 1.00, the daily yield of dry 
matter was accordingly 4.39 cu. yds. (U.Uti cbm.) or 7-107. "> Ibs. 
(3300 kg.), of which about flfi per cent, or -107S.," Ibs. (1S,">0 kg.) 
is of organic nature. Let us now assume that the loss or de- 
struction of organic matter in the sludge takes place inclusively 
by gasification, as wo do not yet know the proportion thereof 
that is lost by becoming liquefied; this daily loss uill then be 
repicsented by the aforesaid weight of l.VtO to l!)NO Ibs. (700 In 
900 kg ), or 1703.7 Ibs. (HOO kg.) on the avemge, of gum produced 
every day by the tanks, liy adding this loss to the uforesaiil 
residual organic matter in the decomposed liquid sludge, we \\ill 
have for the daily quantity of organic matter Unit row-hen tlm 
tanks- 4078.5 + 17(53.7 = 6842.2 Ibs. (lNril) + ()UaiMiO kg.). 
From this computation it is soon that about oiio-lhird of tlin 
organic matter contained in tho fresh wludgo is lost or destroyed 
by gasification. [Provided that no liquefaction occurs. It 
should also be remembered that those figures cannot be checked 
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by the actual amount of organic matter in the freshly deposited 
sludge, which was not ascertained. Trans ] 

The foregoing figures cannot be regarded as being generally 
con cct, as they relate to only one plant and a few measurements 
of the gas there evolved They afford, however, some means of 
estimating how much sludge is lost by gasification in a properly 
working Emscher tank located in our climate Reference may 
ttUso be made to the experiments of Favre and Spillnerfordetei- 
iniiung in another manner the loss of sludge by decomposition 
in a septic tank, published in Gesundheitsmgemeur, 1907, p. 810 
mid 1909, p 825, respectively. 

The septic liquid sludge is a watery mixture of mineral and 
partly decomposed organic matter. On evaporation, the 
resulting diy matter has usually a gray color, but sometimes 
it is brownish-gray It has little odor, and that which is devel- 
oped when heated to 212 F. usually resembles the odor of 
peptone In most cases it contains few recognizable materials, 
but when such are found they are commonly bristles, hairs, 
Htoms of grains, small twigs, sciaps of leather, sand, small stones, 
mid fiagments of coal, bits of tinfoil, card-board, wood and 
lime, and fish-scales have also been found therein repeatedly. 

The determination of the total amount of nitrogen in the 
dry sludge is made regularly, in view of the utilization of this 
material as a fertilizer at some of the plants. The resulting 
figures have exceeded our expectations, the averages being 
1.22 per cent, at Essen-N. W, 1.39 per cent, at Bochum, and 
]., r >7 per cent at Rechlinghausen. All of the spadable sludge 
produced at the latter plant has been sold for fertilizing pur- 
poses, and good results have been attained therewith. 

Many determinations of the amount of fat in the dry sludge 
wore made, but it was found that it was considerably less than 
that of the fresh sludge in other cities. Thus from 16 to 17 per 
cent, of fat was obtained from the dry matter of the fresh sludge 
nt Frankfort, 18 per cent, at Luttich, 15 per cent, at Cassel and 
14 per cent at Harburg, while the amount obtained from the 
dried sludge of the typical Emscher tanks at Essen-N. W. and 
Boohum was only from 3 to 7 per cent, in most cases. ^ The 
difference must be ascribed to the decomposition attained in tne 
latter plants. Inasmuch as the recovery of this fat has never 
proved profitable in other localities, it seems hopeless to attempt 
such a process where Emscher tanks are used. 
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Excepting the small proportion Unit, is used as fertiliser, (he 
bulk of the drained sludge produced by the planl-h of the J'lmsclier 
Assocation is used at the picsent time for filling depressions and 
low places. 

In regard to the mineral matter of the dry sludge, a number 
of determinations of its pimoipal components were made. Tho 
averages found at Esscn-N. W. arc- JSi0 3j 03.2!) per cent.; Fe 3 O n> 
11 37 per cent.; A1 2 8 , G 5(> per cent It UIUH appears that tho 
mmeral matter in the sludge consists chiefly of sand. 

EXAMINATIONS oy TIIM DHAINKD SIAJDUM 

The sludge is described as "spadable" when it nun be cut and 
handled with shovels on the drainage beds like moist, earth, and 
be loaded into the tram-cais provided for its transportation (,i> 
other localities For the purpose of examination a number of 
samples, depending on the size of the drainage bed, aro collected 
from different points and aie then mixed together; the mKturo 
is regarded as representing an avorago sample of the material, 
and is then placed in an air-tight receptacle and takou to tho 
laboiatory The examination is made in the same manner as 
in the case of the liquid sludge. 

The surface of the spadable sludge has usually a grayish-brown 
color, while the remainder of the mass is mostly black. UH 
consistence varies from doughy to crumbly, according In tho 
amount of moisture present, which in turn depends on Hie stafo 
of the weather and the length of time allowed for drainage. In 
structme, the spadable sludge from Emschor tanks is invariably 
somewhat spongy. On breaking an air-dried wample, Mm 
ruptured surfaces exhibit numerous small cavities and passmen 
penetrating the entire mass, which wore formed by the bubbles 
of gas contained in tho liquid sludge, and obviously facilitate 
both drainage and subsequent drying in high degree. 

As the collection of a fairly representative sample of a large 
mass of partly dry sludge is a matter of considerable difficulty, 
the examinations of spadable sludge havo not boon as numerouH 
as those of the liquid sludge. Table IV gives tho rotmltH of 
13 examinations of spadable sludge at tho Esaon-N, W. plant, 
on 11 different days between April 19 and August 2S, 1000; and 
with periods of drainage ranging from 11 to 'J days. Tho 
essential figures are as follows- 



SEWAGE CLARIFICATION PLANTS 



185 



TABLE IV 
ANALYSES OF HFA.DABLE EMBCHBR TANK SLUDGE ESSEN- N W 





Max 


Mm 


Average 


Wiitor content, por cent 


59 


47 7 


52 3 


Dry mat ier, por cont 


52 3 


40 1 


47 7 


M moral component of dry matter, per cent 


54 2 


40 6 


46 6 


Oiguiiiu component of dry matter, per cent 


50 4 


45 S 


53 4 


Nitrogen component of dry matter, per cent 


1 40 


1 01 


1 17 


1'iit componont of dry matter, per cent 


3 91 


3 02 


3 39 


Dniliiiifgo period, number of days 


11 


3 


7 



The results of 5 examinations of both the liquid sludge and the 
resulting spadable sludge at the Essen-N W plant, on the same 
number of days between- May 25 and August 7, 1909, is given in 
Table X of Spillner's paper, pages 167 and 168. 

The averages of the results found from the examinations 
(number not stated) of spadable sludge at the Bochum plant 
dm ing the fiscal yeai 1910-1911 are: 

Water content, 633 per cent.; dry matter, 367 per cent.; 
ininoi til component of dry matter, 64 4 pei cent ; organic com- 
ponent of dry matter, 35.6 per cent.; nitrogen, 1.24 per cent ; 
fat, 6.91 per cent. 

Table V gives the results of 21 examinations of spadable 
sludge at the Recldinghausen plant, made on 9 different days 
between May 27, 1908, and October 10, 1910 Two of these were 
made in 1908 and the remainder in 1910 The essential figures 
ure as follows 

TABLE V 
ANALYSES OF SPADABLB EMSCHBR TANK SLUDGE RECKUNGHAUSEN 





Max 


MIn 


Average 


Wutr content, por cent 


73 6 


53 5 


65 2 


Dry matter, per oont 
Mineral component of dry matter, per cent 
Orwuuio component of dry mutter, per cent 
Ni tiogon component of dry matter, per cent 
l (1 at component of dry matter, per cent 
Dminngo period, number of days 


46 5 
65 4 
58 8 
2 3d 
10 30 
22 


26 4 
41 2 
20 8 
95 
3 02 
4 


34 8 
58 5 
41 5 
1 65 
5 28 
12 5 



It should be noted that the high average water content (65 2 
per cent.) of the spadable sludge at Recklmghausen, together 



[SO XKWMIK XLUDUK 

with the loii^ average drainage period (I2.r> days), is tit(rilni(al>lr> 
to tht 1 overworking of the plant und the consequent lack of 
thorough deeonipositiou ot the sludge 

Tho examination of the iliy mattei of 1 lie drained sludge I'M 
made in the same manner as in the ease of the liquid sludge. 
Tho unioiinfc of organic, matter in generally Homewhat less I him 
that in the liquid sludge, bill, it may be remarked that in view 
of the large quantities of material examined, it is very ditticult, 
l,o obtain concordant samples. J*J\perimeiitn on a small scale, 
however, have shown thaL Homo oiganio niattor disap])ears by 
gasification during the. process of draining. A description 
of these latter experiments is given in Spillner's cMirlier paper, 
pages 101-104. iSomo instances of such loss in drying are also 
iound in Table X of Spillner'H paper relating to the sludge (if tho 
Kssen-N. W. plant. 

This table likewise shows that the reduction in the amount of 
diy matter contained in tho liquid sludge, oausod l>y draimigo 
on tho sludgo l>eds, ranges from O.lf) to O.i), r ) por cent. After 
tho spadal)le sludgn has been lemoved to tho final dumping 
grounds, the process of decomposition continues, although 
slowly. No analyses have yet been made in regard to this 
matter, but from the high temperatures (up to 122 I? 1 .) that havo 
occasionally been observed in such deposits, it must, be con- 
cluded that further processes of decomposition tire taking place, 
therein. 

EXAMINATION OF THM LIQUID JDttAWN FKOM TUB t SwiTi CHAMIIKU 

OK AN JOMHtMIHll TANK, AND THH DllAlNAOH WATMH 
JKltOM TUB yijlJJiC)J3 liKDrt 

A knowledge of the composition of tho liquid in the Hpptio 
chamber of an Mmscher tank is of interest to those who operate 
Hiich plants, becaiwc this liquid in contained in tho sludge that 
is discharged from tho tank, and is Heparated therefrom in part 
when the sludgo roaches Lho drainage beds, mid thence finds 
itH way into the outfall. When a tank is first put in service, 
tho septic, chamber is filled with tho sewage; but an there is no 
current in this chamber, tho original volume of Howngo noon 
becomes septic- and undergoes thorough decomposition, after 
which it has little odor. A renewal of the liquid by diffusion 
from tho sewage that flows through the upper chamber of tha 
tank, or by the water that is mixed with the sludge which dropa 
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into the septic chambci thiough the slot in the bottom of the 
upper chamber, is usually a very slow piocess; but when some of 
the accumulated sludge is discharged, its volume is necessarily 
replaced with ficah sewage fiom the upper chamber. 

The quantity of sludge dischaiged at one time, however, 
is always a very small fraction of the capacity of the septic 
chamber, and the liquid theiein is then allowed to remain at 
rest for several weeks as a rule. During this time the fresh 
sewage that replaced the volume of previously discharged sludge 
is afforded ample time to become thoroughly decomposed. This 
process of decomposition is also accelerated by the constant 
rise of gas bubbles fiom the sludge below, whereby the liquid 
contents of the septic chamber becomes thoroughly intermixed. 

If a sample of the liquid in the septic chamber is taken mid- 
way between the floating scum at the top of the ventilating 
openings and the surface of the dense sludge at the bottom, it 
will be found to be black in color; and on being allowed to 
stand, the upper portion will giadually become clear while the 
lower portion will contain much sludge. In the tank a part 
of this sludge was being carried up by the ascending gas bubbles, 
and another part was m the act of settling again to the bottom. 
The averages of the results of a large number of analyses of 
such liquid is given in the following Table No. VI : 

TABLE VI 
ANALYSES OF LIQUID FUOM SLUDGE CHAMBEU OF EMBCIIER TANKS 



NHJUO of plnnt 


Reckling- 
hiiusen 


Boohum 


Esaen- 
N. W 


Number of aniilysos made 


17 


6 


15 


Transparency of the liquid 


80 


1 97 


34 


Reliction of tho liquid 


Alkal 


Alkal 


Alkftl 


Chlorine, parts per million 


1811 


993 3 


2193 9 


RoHiilno after evaporation, pnrte per million 


990 7 


2594 1 


4062 2 


llooidue iiftw ignition, parts par million 


603 7 


2J79 8 


3961 


LUSH by ignition, parts per million 


297 


214 3 


700 3 


HuHpnndod matters, pnrta per million 


2171 9 


81 8 


6670 2 


Suspended organic mutter, parts per million 


1044 3 


18 7 


3069 9 


Ruspendod mineral matter, parts per million 


1126 6 


63 1 


1700 3 


Nitrates, parts per million 











Nitrites, purta por million 











Total nitrogen, parts per million , 


36 3 


25 4 


70 4 


Nitrogen as ammonia (NHO, parts per million 


27 8 


20 5 


61 4 


Nitrogen as organic nitrogen, parts per million 


8 5 


4 9 


9 


Sulphuretted hydrogen , 


Present, 


Present 


Present 
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On comparing these figures with the corresponding analyses 
of the sewage in the uppei chumbeis of the Emachor taiiLs tit tho 
three plants mentioned, it will be seen that the septic liquid 
contains considerably more dissolved matter than the sewage. 

As already stated, this septic liquid is mixed with the nludgo 
that is discharged upon the drainage beds. These beds tiro 
formed of a layer of slag or cinders about 12 in. deep, over 
which another layer of fine-grained material is placed. This 
upper layer absoibs the water that drams out very slowly 
fiom the sludge, and gradually delivers it to the underlying 
stratum of cinders from which it escapes into the drain pipe.s. 
Both the upper stratum and the lower one absoib much of the 
organic matters in the liquid, and these matters are then tiaiiH- 
formed or mineralzed by the micro-organisms in tho inter- 
stices, in the same way as in a contact bed or sprinkling filter. 
This mineralized matter is then flushed out by the following 
water, and flows therewith into the undcidiams. Tho water 
issuing from the drain pipes is thus biologically purified, and iln 
character can be estimated from the averages of the rcsultK of 
12 analyses of samples of the water taken from tho undor-di ains 
of the sludge beds of the Essen plant, given in Table VII, as 
follows' 

TABLE VII 
ANALYSES OP WATER FROM UNDERDRAW OF SMTDCITO BKDH 



Determinations 


Parts per 
million 


DotonniniitirmH 


1'nrH pel 
million 


Transparency 


8 05 


Nitrous in Id (N'C)j) 


I'ri'wnl 


Residue after evaporation 


2674 


Nitrici ueid (N-Ou) 


I*r('Hcnt 


Residue after ignition 


2311 4 


Total nItroK(in 


r,j it 


Loss by ignition 


303 5 


NitroKPii iw ammonia. 


US (I 


Chlorine 


520 2 


Organic nitrriKon, . 


2 1 


Suspended matters 


124 4 


Total nitrojcnii in 




Suspended organic matter 


48 8 


nitnten and nitrates 


si :< 


Suspended mineral matter 


75 6 


I'litiwnlhillty . . . 


Not putri 



These analyses relate in part to waters derived from other 
Emscher tanks than those which furnished the samples of septic, 
liquid cited in Table VI, and hence a direct comparison between 
the two results of analysis cannot be made. The figures, how- 
ever, indicate plainly that a biological purification has taken 
place, as shown by the presence of nitrates and nitrites and also 
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by the small quantity of organic nitrogen. This drain water 
can fauiy be regaided as suitable for admission into almost any 
outfall, and even into such as are sensitive to pollution. It 
accordingly requires no fuither treatment, and differs in this 
respect greatly from the drainage waters of filter presses and 
centrifugal sludge driers. Its quantity, moreovei, is very small, 
being only one gallon to every 10,000 gallons of sewage at 
Essen N. W., so that it may be allowed to soak away into the 
ground at plants of model ate size. 

YEARLY COSTS 

The total annual expenses of a sewage clarification plant 
consist of the inteiest and sinking fund charges on the cost of the 
land and structures, the charges for maintenance and renewals, 
and the usual outlays for supervision, labor and supplies. The 
figures for the Recklinghausen, Bochum and Essen N. W. 
plants, along with some other details, are exhibited in the fol- 
lowing Table VIII- 

TABLE VIII 
COST OF OPERATION AND MAINTENANCE 
















A.nnB-l 


Annual 




Tribu- 


Dry 
weather 


Total 


Total 
annual 


Total 
annual 


expense 
for ope- 


expense 
for opera- 


Niuna of plant 


tary 
popu- 
lation 


flow of 
sewage 
null gals 


annual 
expenses 


coat per 
head of 
popula- 


coat per 
million 
gala 


ration 
and 

mfiin- 


tion and 
mainte- 
nance per 






per day 




tion. 




tenanee 


head 


Roakllnghaiison 
Bachum 
EiwejiN W 


30,000 
145,000 
60,000 


2 38 
13 22 
12 69 


$2,355 
10,188 
6,155 


$0 0785 
0703 
1026 


$2 71 
2 11 
1 33 


( 750 

3600 
2200 


f 0250 
0248 
0367 



[It should be noted that in all of these three plants neither the 
sewage nor the sludge is pumped, and that no chemicals are 
used to induce precipitation of sludge or disinfection of the efflu- 
ents- also that the effluent from the settling chambers, which 
form the upper portions of the Emscher tanks, is not subjected 
to any further treatment whatever, but flows directly into the 
out! afl. No figures are given as to costs of land and construc- 
tions; nor are the stated annual costs applicable to American 
municipalities where materials, wages and labor are much higher 
than 
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GENERAL RESULTS 

If all connections between the sewers and privy-vaults m C-I-HH- 
pools are abolished, the watei-carried sewage- will reach the 
disposal plant in a fresh condition Tho tompcraturo <>f the 
sewage in winter is high enough to prevent itn freezing in the 
plant [The lowest temperature of the air at those plant s during 
the 14 months from January 1, 1909, to Maich 1, ID 10, wan about 
14 F, and prevailed for only two or tlneo consecutive days, 
the temperature diagiams given in the paper show Ilia! I he 
temperature of the ah- was below the freezing-point- O'W K ) 
OIL from 12 to 30 days in the aggiegate dming thin period. - 
Trans ] 

If the sewage is not septic when it reaches the plant, it will nod 
become septic during its passage through tho upper settling 1 
chambers of the Emscher tanks. [The cylindrical tanks am 
combined into groups of three at the plants mention ed, thun 
making the length of each continuous settling chamber about 
100 ft, and the time allowed for the sewage to traverse this 
distance langes from 30 to 50 minutes on tho average in dry 
weathei. When the volume of sewage is increased by rainfall, 
the time of passage is reduced Trans ] 

Tests for putiescibility of mixtmes of tlio effluent with the 
unpolluted water of the several small streams inh) -which tlie 
clarified sewage is discharged, show that offensivo odors nre not 
developed ui a mixtuie of equal parts of effluent and clean \vati-r, 
and sometimes not m a mixtuie of two parts of effluent to one <f 
clean water, even when kept standing in an incubator. Tho 
putrefaction of the stream is therefore not to be apprehended. 

If the time of flow through the aforesaid Bottling chamber in 
not less than 45 minutes, about 95 per c.ont. on tho average of 
the entire volume of sedimentable matter in tho Howago will hi? 
deposited in the septic chambers underneath. The effluent 
will accordingly contain not more than ono volumo of Hodiment- 
able matter in 2000 equal volumes of tho liquid. [Tin* term 
"sedimentable matter" applies to the sludge or sediment which 
settles in the course of 2 hours into the lowor part of a recep- 
tacle filled with crude sewage and left undisturbed. Tram.] 

Coal dust requires a much longer time for settlement than 
the sludge of domestic sewage, in experiments with fino coal 
dust it was found that from 4 to 8 hours wore necessary for its 
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sedimentation It is therefore important to exclude from 
the sewers all waters that have been used for washing coal and 
coke and have not undergone long sedimentation 

When the volume of sewage is largely increased by stoim 
water, no appreciable quantity of sludge can be flushed out 
from an Emscher tank, because the sludge does not accumulate 
in the settling chamber through which the sewage flows, but 
drops at once into the septic chamber below where it remains 
undisturbed by the current in the upper chamber. 

The volume of the fresh sludge deposited in an Emscher tank 
is reduced about 85 per cent by the process of decomposition in 
the septic chambei. Fiom 25 to 30 per cent, of the dry matter 
contained in the fiesh sludge will be destroyed by gasification. 
The gases thus produced consist mostly of methane (CH 4 ) and 
caibonic acid (CO-j). Offensive odois are not developed in the 
process of gasification. The rest of the reduction in the volume 
of the sludge is principally due to the diminution of its content 
of water. The proportion lost by liquefaction is as yet unknown. 
The drying or draining of the sludge to a spadable consist- 
ency upon suitable beds is accomplished in 6 days on the average. 
A depth of from 8 to 10 in. of liquid sludge is deposited on the 
beds each time they are used. In the couise of the drying 
process the volume of the sludge is reduced about 25 per cent 
During a year an aggregate depth of 20 ft. of liquid sludge is 
applied to each bed. After the spadable sludge reaches the 
dumping ground, it is gradually transformed into an earthy 
substance. The drainage water from the sludge beds is bio- 
logically purified in passing through them. 

The cost of clarifying sewage with Emscher tanks is small, 
as seen from the preceding table. 
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SLUDGE TREATMENT IN THE 
UNITED STATES 



I AMERICAN SEWAGE 

In applying data of sewage purification the character of the 
Hewage itwelf is of first importance, in particular, its composition 
nnd age. It should be borne in mind that results obtained under 
European, conditions, where a water consumption of about 
40 gallons per capita daily is a usual amount, may be quite 
different under American conditions, where a water consumption 
of 100 or oven 125 gallons per capita daily is not uncommon. 
So, too, a distinction is necessary between sewages from, com- 
bined and separate systems, the former being greatly diluted 
and increased in volume during rainy weather, besides bringing 
with it much grit from the street surfaces. Trade wastes, when 
produced in excessive amounts, often constitute a special 
problem, cither when taken in combination with the ordinary 
sewage or when treated independently; but ordinarily their 
influence is not sufficient to determine the method of puri- 
fication to be adopted. 

The amount of the impurities to be dealt with in the case of 
dry-weather or domestic sewage depends on the population 
nerved rather than on the volume of liquid, so that in questions 
relating to sludge treatment populations are generally preferable 
as a basis of computation rather than volumes of liquid. 

Table I gives the analyses of the sewage of several American 
cities, and Table II gives the amount of the suspended solids 
and the part of this which is organic or liable to cause offensive 
conditions through putrefaction figures of first importance 
In question of sewage clarification and sludge treatment. 
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TABLE II 

SURPKNDHD MATTKR IN THM SiflWAom OF SEVERAL AMERICAN CITIES 
.1 Parts per Million 



I'llUW 


Total 


Organic 


Mineral 


Authority 


Boston, Muss 


US 


91 


44 


Kimumitt, Winalow & Pratt 


Chicago, 111 


143 


80 


03 


Eng News, Mar 31, 1910 


Columbus, 


215 


81 


134 


Goo A Johnson 


Lawron.cc, Moss 


140 


113 


36 


Kinmcutit, Winalow & Pratt 


Mass Small towns 


J)4 


78 1 


16 5 


Kinmoutt, Winalow & Pratt 


Small oiUcH 


180 8 


46 4 


31 '2 


Kinmoutt, Wijialow & Pratt. 


Patorson, N J 


45 to 041 






George G Whipple 


Philadelphia, Pu 


J04 


142 


02 


Geo S Wobstor 


Plamfiold, N J 


134 






Andrew Gavet 


Providence, 11 I 


.M)7 


343 !i 


3 5 


Klnnicutt, Winalow & Pratt. 


Watcrbury, Oonn 


165 11C 


50 


Eng News, June 3, 1900 


Worcester, Mass 


256 S 


177 8 


78 


Klnnicutt, Winslow & Pratt 




b Gm 


ms per O 


apita 




Chicago, 111 


106 


03 


73 


Eng Newn, Mar 31, 1910 


C'oluinhus, () 


08 47 


51 


Goo A Johnson 


MUHR Bmall minis 


OJ 44 





Klnnicutt, Winalow <fe Pratt 


Musa Separate aystorafl 


40 38 


11 


Goo A Johnson 


Mow Combined and mfe 


14C 70 


60 


Gco A Johnson 


United States 


0.) 40 


53 


Qeo W Fuller 



Although the composition of sewage varies greatly in different 
cities the following analyses may be taken as fairly icpresenting 
ordinary American conditions. 
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TABLE III 
COMPOSITION OP TYPICAL AMERICAN SKWAQH 

In Grams per Capita Daily 1 
1 According to George C Whipple 3 





Domestic 


Sewage of manufaoturi 




sewage 


cities 


Total solids 


170 


220 to 500 


Organic matter 


70 


100 to 200 


Mineral matter 


100 


120 to 300 


Chlorine 


20 


25 to 50 


Nitrogen 


11 


13to 15 


Albuminoid ammonia 


1 7 


2 to 4 


Free ammonia 


7 


5 to 10 


Fats 


20 


20 to 50 



2 According to George W Fuller a 
Oxygen consumed 
Nitrogen as 



Chlorine 

Fats 

Dissolved matter 



Suspended matter 



Total solids 



2 minutes' boiling 
5 minutes' boiling 
Free ammonia 
Albuminoid ammonia 
Organic 
Total 



Mineral 

Organic and volatile 

Total 

Mineral 

Organic and volatile 1 

Total 

Mineral 

Organic and volatile 

Total . . . 



1 To convert to ounces per capita multiply by 0327 
To convert to grains per capita multiply by 16 432 
If the volume of sewage is taken as 100 gallons per capita dally: 
To convert to grains per gallon multiply by 1643 
To convert to parts per million multiply by 2 8417. 

* Report on Sewage Disposal, Patron, N J , 1006 

s Technology Quaterlv, June, 




15 

22 

7.0 

2 5 

8 

15 

19 

19 

99 

87 

130 

53 

40 

03 

152 

77 

229.0 
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3 According to E B Phelpa ' 





In 

HolutlOll 


In 
suspenHion 


Total 


Mineral and anh 
Organic and volatile 


114 
76 


38 
76 


152 
152 


Total residue on evaporation 


190 


114 


304 



The organic mattei is composed as follows 

Total carbon 76 

Total nitrogen 5 7 

Total H, O, S, P, etc 70 3 

152 

Separating the nitrogenous from the carbonaceous matter 
there results. 

Nitiogenous matter. 

Nitrogen . 6 7 

Carbon 28 6 

H, 0, S, P, etc . , 22 8 



570 



Fats, etc.: 
Carbon 
HandO 



Carbohydrates* 
Carbon 
H, O, etc 



Total . . 



13 3 
5 7 



.34 2 

41 8 



190 



760 
152~0 



II. DETRITUS FORM GRIT CHAMBERS 



Boston, Mass. At the sewage experiment station of the 
Massachusetts Institute of Technology, the sewage was pumped 
by a small duplex pump from a large sewer carrying the combined 
sewage of 350,000 persons. A small grit chamber was formed of 

1 Deduced from Water Supply and Irrigation Paper, No, 185 Table, p 15, Assuming 
100 Oak. Pw Cftp 
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a cast iion cylindei 19 in. in diameter and 10 in deep, containing 
a .screen with 1/2-in meshes The velocity was i educed m this 
to 0.04 ft per second, thus making the time of passage thiough 
the chamber about 45 seconds. 

The detritus removed fiom this chamber amounted to 05 
cu yds per million gallons of sewage It contained 27 per cent, 
moisture and but 0.05 per cent organic mattei, and were quite 
inoffensive when spiead on the land adjoining the station 1 
Analyses of samples taken from March 20, 1904, to June 1, 1905, 
avei aged as follows 2 









rieun 


Fino dry dotrilus 




Wet 


TTf 








detritus 




etc 


Total 


LOSH on 
ignition 


Organic N 


OxvKi'u 

COIIHUJIK'd 


Pounds per mil- 


1600 


430 


190 


070 


10ft 


2 - 


1 7 


lion gallons sen - 
















age 














Parts per million 


100 


52 


23 


117 


13 


'M 


2 


parts of sewage 

















Neai the Moon Island outlet of the Boston Main Drainage 
system the outfall sewer is enlarged to fonn two conduits 8 ft 
wide, 10 ft high and about 1/4 mile in length, in which the 
heavier solids deposit. The depth of sewage in those sewers of 
deposit is designed to be fiom 8 to 10 ft. The sludge IB pushed 
towaid one end where it is diawn off by a 12-in pipe to a sludge 
tank 50 ft X 10 ft. X 15 ft. in size, having a capacity of 150 cu 
yds. From this tank it is taken by a scow, which is towod about 
20 miles to sea, and dumped. 

In the year ending Febiuaiy 1, 1910, with an average flow of 
82,378,000 gallons per day, 8773 cu. yds of sludge was deposited 
in these sewers, or 29 cu yds per million gallons of sewage, in 
addition to whatever was subsequently deposited in the storage 
tanks on Moon Island. 

Worcester, Mass The sewage, which, in 1910, averaged 14.57 
million gallons per day, or 1072 gallons per capita, passed 
through one of two grit chambers 40 ft. X 10 ft. in plan and 9 ft. 
deep in about 1.8 minutes. The mean velocity was, therefore, 
4 ft per second. 

1 Experiments on the Purification of Boston Sewage, Wlnalow and Pholpa Water 
Supply and Irrigation Paper No 185 
a Kmnieutt, Winslow and Pratt, 
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Aocoiding to Mr Matthew Gault, superintendent of seweis, 
5u'5 cu. yds. ot heavy gi it, about half water and weighing 18,150 
Ibs poi cubic yard, weie removed, lepiesentmg 4 per cent of the 
total suspended matter in the sewage The effluent contained 
270 paits per million of suspended matter. The material re- 
moved amounted to 0.11 cu yds per million gallons of sewage. 
The cost of removal fiom the grit chambeis and placing it in 
caits (shoveling 3 times) was 33 1/3 cts per cubic yaid, and the 
cost of hauling about 000 ft and dumping, 50 cts. per cubic yard, 
making the total cost of disposal 83 1/3 cts. per cubic yard or 
91/4 cts per million gallons of sewage. 

Columbus, Ohio. The first grit chamber used at the experi- 
mental station was 40 ft X8 ft.X7 1/2 ft. deep. This was 
subsequently changed to 39.5 ft X5 ft.X2 5 ft in depth, with a 
bottom baffle a foot high, 2 ft. from the inlet and a surface baffle 
extending to about in. fiom the bottom, 3 ft from the inlet. 

In the former the aveiage velocity was 518 ft. per minute 
(2 01 mm pei second) and the penod of flow 1 3 houis, in the 
latter the average velocity was 2 28 ft. per minute (11 39 mm. 
pei second) and the period of flow 29 hour. 

The results obtained in tho two chambers were as follows 

TABLE IV 





Qnginiil grit 


H omodollcd grit 




chamber 


uhamhor 


Total. 


34 


t)O 


Volatile 


30 


18 


Mineral 


36 


24 


gallons 


2 5/5 


1 70 


KO 


87 


Ki 


l(U 


5J 


IB 



Pur aunt suHpondcd iimttor ill 
filipllml Hmviigu which wiw 
removed in grit chamber. 
Cubic yuriln wot eluilno per million gallons 
Per nunt moisture in flludgo, averugo 
Por omit volutilo mutter in d 
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t, per cubic yard 1825 lbn 

1 081 

82 4 par cent. 
17 6 per cent 

7.0 percent. 

22 per cent. 

1 22 per- cent 

It is difficult to reach a comparison of the above results of 
rapid sedimentation in grit chambers The quantity and quality 
of the material removed depends upon various conditions, such 



Hpiirlfie gravity 
Water 
Soildfl 

Volatile matter 
Nil rogen 
Fata 
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as the admission of stoim watei, the chaiacter of street surfaces, 
the use and efficiency of catch basins foi the interception of giit, 
the velocity, depth and time of passage thiough the grit chamber 
and the pei cent of moisture m the detritus With strictly 
sepaiate systems and domestic sewage the amount would be so 
small as to be an insignificant factor in questions of disposal, 
while m combined systems, wheie the volume may approximate 
a cubic yaid pei million gallons of sewage, the amount of putres- 
cible matter is usually so small that the detritus may often be 
used for filling in land. 

Mr. Emil Kuichling 1 mentions the results obtained in various 
foreign cities, at the Boston experiment station of the Massa- 
chusetts Institute of Technology and at the Dorchester pumping 
station in that city [0 31 cu yds pei million gallons] and obtains 
an average of 4 cu yds per million gallons with a specific gravity 
varying fiom 1 32 to 1 87 and a water content of 27 per cent. 
Under these assumptions the dried suspended matter removed by 
grit chambers it, about 835 Ibs. per million gallons, or 100 parts 
by weight per million 

Waterbury, Conn - The water supply at Watei bury is 139 
gallons per capita, and the sewers aie on the combined system. 
The giit chamber was cleaned frequently so that no gases were 
formed in the detritus. 

DATA 

Cu. yds remo\ ed per million gallons of sewage 1 40 

Tons removed per million gallons of sewage 1 12 

Specific gravity 1 05 

Moisture 88 3 per cent 

Solids 11 7 percent 

Mineral matter 5 9 per cent 

Fats 78 per cent 

Nitrogen 22 per cent. 

Ill SCREENINGS 

A sharp distinction should be made between coarse bar screens 
intended primarily to intercept sticks of wood, orange and lemon 
peels, rags, etc., and the fine screens having clear openings of 3/8 
in. or less, which have been introduced in increasing numbers, 

1 Notes on Sewage Disposal, Rochester, 1910. 
a Eng JVr, Vol LXJ, p 596. 
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especially in Germany, to remove as much of the mattei in sus- 
pension, mcluding fecal matter, as practicable. 

The former type is customaiy in all systems where tho sewage 
has to be pumped, but it has not usually been considered worth 
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Fia. 87.- Bar screen, Dorohwrtw Pumping Station, Boston 
(Oourteay of P L Saobora, BfcWfltive Engineer, Bostou Mam Drtunaee.) 



while to measure the detritus 
are, 



. The following figures 
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Ration. Here the combined 
,000 gallons per day, passes 
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veitical bars on 3 sides spaced 1 in apait and a floor upon which 
the screenings fall on raising the cage, and fiom which they :uo 
removed by hand and pressed to icmove the excess moisture 

In the year ending February 1, 1910, 573 1/4 tona of wet filth 
weie removed, or 38 1 Ibs per million gallons The co.st of labor 
at the screens was 313 cts per million gallons. 

Boston Metropolitan Syste7n. The screens at tho several 
pumping stations of the Metropolitan Sewciage System arc m 
type similai to those at the Dorchester Pumping Station of tho 
Mam Diainage woiks. The screens are composed of 3/4-in. 
round bars, 1 1/2 in center to center and a similar seriow ntug- 
geied in front of these, providing an effective, clear space of 
about 1/8 in 1 

The following table gives the amount of wet screenings removed 
from the North and South Metropolitan Systems fiom the be- 
ginning of operation, amounting to 0.10 and 10 cu. yds. per 
million gallons, respectively, dunng tho year 1910, or 5 and 
10 cu yds annually pel thousand population. The sewage iw 
partly sepaiate and partly combined in each system. 

The material removed from the screens at the Gharlestown and 
East Boston Pumping Stations June 10, 1898, had tho following 
composition 2 

Paper 55 per cent, 

Ra g 9 25 per cent 

Hair 5 p cr C( . n t. 

Fecal matter and grease 5 por cunt. 

Refuse from slaughter houseH . 4 per cent. 

Conglomerate matter . fi j )t . r 



100 por oout. 

Columbus Experimental Plant. Two vertical removable screens 
were used, consisting of a diamond mesh of No. 12 wire, tho 
first having 1/2-in. and the second 3/8-in. oponingH. Theno 
removed 36 of the 215 parts per million of suspended mattor con- 
tained in the sewage, or 17 cu yds weighing 300 Iba por million 
gallons The weight per cubic yai d was thoref oro about 17oT> Ibs. 

This amount would undoubtedly have been conniderably 
greater, but for the fact that tho sewage treated was not drawn 
from the invert of the trunk sewer and HO did not contain all 
the grit and coarse heavy mattor moving along the bottom. 

1 W M Brown, chief engineer 

3 Metropolitan Sewtigo Com'ra, 1899, p, 25 
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The liquid, moreover, had previously passed through a 1/2-in. 
sci een and was then pumped, by which much coarse material was 
removed and fecal matter broken up 

Philadelphia Experimental Plant. This was supplied with 
separate system sewage from a 4 ft 7 in. intercepting sewer 
through an 8-m pipe, which entered the sewer 15 in above the 
invert The sewage was then pumped through 413 ft of 4-m 
pipe to a point near the testing station, from which it was drawn 
by gravity Some of the heavy solids were probably excluded 
at the start, and the soft fecal matter must have been disin- 
tegrated by pumping, as at Columbus 

The sewage was delivered through 24 1/4-in nozzles upon 
the conical surface of a screen having 32 meshes per inch (clear 
openings 5 mm squaie) 

The amount of suspended matter varied considerably, owing 
to the admission of trade wastes, but averaged from September, 
1909 to Apnl, 1910, inclusive, about 200 parts per million, 7/10 
of T\ hich was volatile Of this, 63 parts per million, or 33 5 per 
cent , were removed by the fine screen, equivalent to 560 Ibs. of 
dry solids per million gallons of sewage. 

The effect of screening on subsequent treatment was found 
to be 

1 A nioie uniform sewage by eliminating in part the irregu- 
larities due to trade wastes 

2 A reduction in the sludge subsequently treated 

3. An increase of moistuie in the sludge subsequently treated 

4 A finer subsequent sludge and one more readily pumped 

5 An entire absence during 9 months of clogging in sprinkler 
nozzles using settled screened sewage. 

Reading, Pa. The only important example as yet of fine 
screening on a working scale in the United States is that at 
Reading, Pa , with an apparatus devised by Mr. M. Weand. 
This consists of a horizontal cylindrical framework 6 ft. in diam. 
X12 ft long, which is supported on rollers and is rotated by 
means of a circumferential gear at a rate of 8 revolutions per 
minute. The cylindrical framework is covered with wire cloth 
of monel metal having from 30 to 36 meshes to the linear inch, 
which is, in turn, supported by a screen of No 12 copper wire 
with 5/8-in. meshes 

The sewage enters at one end and is distributed by flowing over 
a weir placed in the first half of the cylinder parallel to the axis. 
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It then flows tlnough the bottom of the screen and is conveyed 
away, leaving the sludge and other coarse material inside 

By the rotation of the screen the sludge is worked forward 
by a narrow spiral plate, which pi ejects fiom the inner surface 
until it reaches the fiuther end, where it is lifted by a seiies of 
short radial buckets attached to the perimeter On reaching a 




f 



I 



certain elevation the shidga slips off upon a sloping trough, 
which delivers it through the end of the cylinder and drops it into 
a reodijfeaele from whict it is raised and transported by suitable 
bo aa elevated sludge tank. 

is washed off by 12 1/16- 
; i^0 &ar?u50Jital pipes placed just outside 
j'l.f HHBHEf?JU.I * t.J - 1 1 
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the screen one on each side Each pipe is moved back and 
foith longitudinally by a toggle joint at one end so that the 
entne surface of the screen can be fieed of detritus. Screened 
sewage has been used in place of water for this purpose satis- 
factorily, but the jets clog rapidly with the unscreened liquid 
Hah, lint and other fibeis aie not so leadily lemoved, howe\ei, 
and this difficulty, inherent in any fine wire mesh, would prob- 
ably cause trouble in its use with some classes of sewage 

According to Mr. C B Uliich, City Engineer of Reading, the 
volume of sewage handled is about 5 million gallons daily fiom 
40,000 persons It contains 125 or 130 parts per million of 
suspended solids The screenings amount to 1 15 cu yds per 
million gallons, and have the following general composition. 

"Wet After Centnfuging 

Moisture 89 5 per cent 73 per cent 

Mineral matter 2 8 per cent 7 4 per cent 

Volatile matter 7 7 per cent 19 6 per cent 



100 per cent 100 per cent 

The weight of the wet scieenings is stated by Mr Weand, 
who had, until recently, the contract for opeiation, to be about 
63 Ibs. per cubic foot and the cost of operation, including 
about o h. p of steam power required for rotating the screen 
and driving a centrifugal separator, to be $1 00 per million 
gallons when "taking 4 million gallons per day 

One difficulty, due to the fine mesh employed, is the fiequent 
stoppage for repairs. This amounted to 1500 hours, equivalent to 
63 days, in 1910, and an equivalent of 77 days in 1909. Screens 
of this type should always, theiefore, be in duplicate. 

Another objection in some cases would be the loss of several 
feet head caused by the drop in the sewage through the screen. 1 

A high percentage of moisture in the screenings is probably 
inevitable with fine meshes and domestic sewage. In his annual 
report for 1910 Mr Ulnch says: "The criterion for screening 
efficiency should be the thoioughness with which the larger 
suspended matters are removed and not only mere bulk of re- 
moved matters. All materials large enough to clog sprinkler 
nozzles should be screened out, but it is more economical and 
just as satisfactory to remove finer solids by sedimentation " 

1 By a recently devised modification of design Mr Weand hopes to save the greater 
part of this lost head. 
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It would appeal, too, that with the constant agitation of the 
fecal matlei by the wash water and the lotation of the sciecn, 
much of it will have become so finely broken up as to pass through 
with the sewage. 

But 111 spite of these disqualifications, the local aut.hoj ities ai e 
satisfied, on the whole, with the icsults secured and have recom- 
mended the installation of a second unit 

Screens of this general type are, or soon will be, installed at 
Atlanta, Ga., Brockton, Mass , New Brunswick, N. J. and Bal- 
timore, Md 

Providence, R. I. Here the screen bars are of wood 1 in X 
10 in in section, spaced 3/4 m. apart, forming an inclined rack 
09 ft in length, inclined 17 to the vertical, through which the 
sewage about 19 8 million gallons per day flows, with a depth 
of from 2 to 5 1 /2 ft , avei aging about 3 ft. The screen is cleaned 
continuously by hand with rakes. The scieenmgs, consisting 
chiefly of paper and rags, amounted, in 1910, to 208 Ibs 01 
28 G Ibs of dry material, per million gallons of sewage The wet 
scieemngs aic placed in perfoiated cans about IS in in diarn X 20 
in in height, which weigh 30 Ibs. each and hold about 230 Ibs 
of screenings, in which the material is removed. 

Watcrlury, Conn. With a 1/2-in mesh of galvanized wire, 
140 Ibs. or 0,08 cu. yd of screenings were removed per million 
gallons of sewage 1 The average composition of the scieenmgs 
for the year ending November, 1900, was as follows 

TABLE VI 
COMPOSITION OP SOUHHNINOH 





Parts per million 




Totittl 


Dissolved 


Suspended 


Oxygon consumed 
Organic nitrogen 


40 
14 8 
Total 


10 
Fixed 


20 
4 5 
Volatile 


Suspended matter 
Fats 


165 
26 


115 


50 


Particles in micro-HUBpcnmon . 
Colloidal matter 


84 
15 7 






1 W, O Tiyjoy , JSrw Rao , June 3, 1000. , 


14 ' 
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Plamfield, N J The volume of sewage is about 90 gallons 
per capita. 1 With screens having openings about 1/2 in apart 
in the clear, 18 to 22 cu. yds of screenings containing 85 
per cent of moisture are removed per million gallons of sewage 

Pawtucket, R I The strong domestic sewage, amounting to 
an average of 0.277 million gallons per day in 1910, passes through 
one of a pair of rack screens 7.96 ft. wide X 4.4 ft high composed 
of wooden, strips 3/4 in. X3 in. in size, spaced 5/8 in. apart. 
The depth of sewage passing the screen is about 2 1 ft During 
1910, 1036 cu yds. of wet material were removed and buried in 
pits, amounting to 10 25 cu. yds per million gallons. This 
large amount is accounted for in part by the fact that it includes 
a small amount of grit, which is pumpted out once a week from 
the depressed pit in fiont of the scieen, together with the screen- 
ings, by an Edson diaphragm pump. Another reason lies in 
the strength of the sewage and to the fact that it enters the screen 
chamber 3 ft. below the surface of the liquid The screenings 
consist of rags, paper, grease, fecal matter and kitchen wastes 
During the interval between cleaning a mat of grease and other 
wastes frequently forms in the screen chamber, sometimes to 
the thickness of 18 in. or 2 ft., of sufficient strength to support a 
man, below which the material is much more dilute. 2 

TABLE VII 
MATERIAL REMOVED BY SCREENS 





Ckuyda wet 
screenings 


Lbs dry 
solids per 


Per cent of suspended solids 
in wet sludge (By volume) 




gal sewage 


sewage 


Total 


Volatile 


Fixed 


Nbv 10, 1905-Feb 23, 1906 


7 53 


746 


6 68 


4 45 


1 23 


Mar 2, 1906-May 11, 1906 


5 83 


549 


5 44 


4 36 


1 08 


Dot 12, 1906-May 3, 1907 


8 96 


792 


5 22 


4,15 


1 07 


Peb 3, 1911-Mar 24, 1911 


10 25 


1024 


5 89 


5 45 


44 



IV SLUDGE FROM PLAIN SEDIMENTATIQN 

Massachusetts State Board of Health*-*- Experiments were 
made with Lawrence (combined system) se/wag& during the years 

1 Eng JVo,Vol LXIH, p 641 
3 George A. Carpenter, mty engineer 
3 Rep 1908, p 454, rf a 
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1892 to 1897, inclusive, by allowing it to settle while quiescent 
for 4 hours. Nearly GO per cent of the suspended matter and 
33 pei cent, of the total oiganic matter, as indicated by the al- 
buminoid ammonia, were removed. 

In 1906 a large tank was used for this purpose. The period 
of sedimentation varied from 2 to 14 hours, and in 2 1/2 yeais of 
operation theie weie removed about 44 per cent, of the suspended 
matter, as indicated by the albuminoid ammonia in suspension, 
"58 per cent as shown by total solids, and 52 per cent, as 
shown by loss on ignition JJ1 

Experiments have also been conducted since 1903 with the 
sewage of Andover, which passed at an average rate of 150,000 
gallons per day through a tank holding 13,500 gallons, the 
average peiiod of sedimentation being about 2 hours. 

"The aveiage removal of suspended matter by this tank was 
about 56 per cent, as shown by determinations of albuminoid 
ammonia in suspension, 71 per cent, as shown by total solids, 
and 70 per cent as shown by loss on ignition." About 31 pei 
cent of the total organic matter was removed. 



TABLE VIII 
SOLIDS IN EFFLUENTS .FROM TANKS FARTS PER MILLION 





Total 


Loss on ignition 


Fixed 


Experiment Sta., 1906-1908. 
Unfiltered . . 
Filtered 
In suspension . 


624 
549 
75 


213 
156 
57 


411 
393 

18 


Andover., 1905-100? ; 
Unfiltered ' . L. , , , 

Filtered , . . ', , , . , v J 
In suspension i > ! ,< t . , 

' ' ! ' i" i 

.,.,.,.,.-..,... . .,.., n5.,,i if, .Jn.'.u.i J. > ,. . 


446 

388 

. 58 


206 
158 
48 


240 
230 
10 




.._j .... _.j 15, 1&05, measurements of . .. , 
; Ij35/t0ris r per million ,gallona of sewage. 
~"\ wheii 1 the, daily flow 
jg.2$ toa^ of 
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the average flow to have been 175,000 gallons per day This 
sludge lost 61 per cent m weight by diymg. Analyses of the 
dried sludge resulted as follows 

Organic matter 60 per cent. 

Carbon 33 per cent 

Organic nitrogen 1 6 per cent. 

Fat 24 per cent. 

Worcester Experiments In 1903 a tank having a capacity 
of 344,000 gallons leceived an average of one million gallons of 
sewage per day, which was therefore subjected to 8 hours' 
sedimentation. 

The suspended matter removed, as indicated by the albumin- 
oid ammonia, averaged 40 80 per cent., and the total organic 
matter lemoved averaged 27 48 per cent. The resulting volume 
of sludge was 125 per cent, of the sewage, or about C 17 cu. yds. 
pei million gallons, and the water contained was 96 5 per cent. 
The cost of pressing this sludge into cakes was "$1 56 per million 
gallons of raw sewage, including handling of pressed cake by 
trolley to the sludge dump The other costs of sedimentation, 
labor and attendance, are given as $1 85 per million gallons." 1 

The composition of this sewage was, in parts per million: 

Free ammonia . 17 . 69 

Albuminoid amnio-na, 

Total 8.32 

Dissolved 2.88 

Suspended , 5 44 

Oxygen consumed, 

Unfiltered 93 90 

Filtered 53 60 

Chlorine 90 . 40 

Columbus Experiments a The two tanks used here were 8 ft. 
deep and 40 ft. long, and their effective capacity was about 
17,000 gallons The time of retention in these tanks was 8 
hours in Tank A and 6 hours in Tank B ; giving respective 
velocities of 4 9 and 6.7 ft per hour ( 42 and .56 mm. per second) 
The results were as follows when using raw sewage that had first 
passed through grit chambers 

^ Geo W Puller, Trana, Am. Soc C E , Vol LIV, Part E, p 178. 
2 Rep Sewage Purification, 1906 Johnson, pp 88-91 



SLUDGE TREATMENT IN THE UNITED STATES 213 



TABLE IX 
RESULTW ov PLAIN SEDIMENTATION WITH RA.W SEWAGE 





Tank A 


Tank B 




Influent 


Effluent 


Influent 


Effluent 




Parts per million 


Ponce! of operation 


AUR , 1004 to Juno, 1905. 


Nov , 1004 to April, 1905 


Oxygon consumed 


40 


37 


47 


30 


Organic nitrogen 


8 


6 4 


7 6 


3 


Proo nmmonia 


11 7 


11 7 


11 3 


11 


Residue on ovuporution 










Total 


060 


875 


027 


867 


Dissolved 


803 


707 


703 


784 


Suspended 


147 


78 


134 


73 


Volatile 










Total 


168 


137 


164 


137 


DiHsolvocl 


104 


103 


100 


00 


Sunpandod 


64 


34 


64 


38 


Fixed 










Total 


782 


738 


763 


726 


Dissolved 


099 


804 


603 


685 


Suspended . . . 


83 


44 


70 


36 




Percentages of removal 


Oxygen consumed 


20 


17 


Organic nitrogen 


10 


17 


Free ammonia 





6 


Residue on evaporation 






Total 


47 


46 


Volatile. 


47 


4L 


Mineral 


53 


SO 



t 1 



With raw screened sewage containing about 210 parts per 
million of suspended matter, or 7 1/2 ou. yds of sludge 87 per 
cent, water, the following results were obtained. 1 

on Sew. Purifi, Columbus, 1906 Johnson, pp 151-153. 



' MiuU 

i!*mi!i 
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3 4 B 6 7 8 
Capacity In Houre Flow. 

FIQ 39 Results of sedimentation, Columbus Reproduced by permuwion of the 
Metropolitan Sewage Commission of N Y 

TABLE X 
RESULTS OP PLAIN SEDIMENTATION -WITH RAW SaRmBNBD SEWAQH 





Tank A 


Tank B 


Period of sedimentation 


K hours 


6 hours 


Suspended matter removed 






Total 


60% 


63% 


Volatile 


58% 


54% 


Total organic matter removed 






Nitrogenous 


31% 


30 % 


Carbonaceous , 


81 % 


26 % 


Pate removed 


50 % 




Average period of sedimentation 


6 8 hours 


Wet sludge per million gallons of sewage , , 


fi 76 ou yds 



Philadelphia Experiments -Two tanks were first used. Tank 
No. 12 had a ratio of length to depth of 1 5il and a capacity of 
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9943 gallons, which was latei i educed by sloping the bottom 
mid adding a baffle and scum boaids to 8738 gallons Tank 
No 13 had a latio of length to depth of 2 5 1 and a capacity of 
7707 gallons, later reduced as in the case of Tank No. 12, to 
5475 gallons 

TABLE XI 
RTOBULTS OP PLAIN SEDIMENTATION TANKS 12 AND 13 



Flat unliitfllitd 
Flat uiil)ulll((l 



Conditions 


Hours storage 


Suspended solids 


Parts per million 


Per cent 
removal 


Average effluent 


No 12 


No 13 


No 12 


No 13 


No 12 


No 13 


(1 
(1 
>m bufllo and scum 
>m Imfllo and scum 


6 
4 1/2 
3 1/2 
6 


6 
4 1/2 
3 1/2 
5 85 


55 
53 
71 
60 


66 
60 
81 
75 


65 5 
72 1 
64 1 
67 


59 2 
69 3 
61 
58 7 



Tank No 17 had a ratio of length to depth of 4 

TABLE XII 
RTMULTB OP PLAIN SEDIMENTATION TANK 17 







Suspended solids 


Conditions 


Hours 
storage 


Parts per million 


Per cent 






Average effluent 


removal 




10 


65 


50 4 


ImUloil (HtroiiRor nowugo) 


6 

4 


About 65 
44 


67 5 
81 2 


ibiiiflod 


4 


59 


72 5 


ilHca and HOIIHIH 


10 


46 


74 



The conclusion drawn from these experiments was that "long 
storage periods are unnecessary for efficient sedimentation and 
that groat improvement in the uniformity of the tank liquor* 
obtained by efficient baffling, creating uniform velocity over the 
entire area of tho cross section " . 

A heavy scum formed on Tank No. 13, which received un- 
.rtned Uag, Mter introducing baffles th, formed to a 
thickness of 2 ft., amounting to 5.6 OIL yds , weighing 5 tons. 
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It contained 1S10 Ibs of tliy solidb and 2(iO Ibs of fat, and was 
voiy offensive when punctuicd 01 lenioved 

The aveiago composition of the sludge was a*, follows 



TABLE XIII 

COMPOSITION OK SMTIX113 



Tank No 
Sewage 



Wet sludge 

Specific gmvity 

Per cent mowture 
Per cent of dry losulue 

Volatile 

Fixed 

Nitrogen 

Fat 



12 


IS 


17 


Screened 


Ci udo 


C'rude 


1 ().-?() 


1 OiM 


1 (W,i 


00 


m i 


87 7 


49 


48 


50 


51 


52 


50 


1 3 


1 -1 


1 3 


S 1 


7 4 


7 2 




i 



The sludge fiom Tank No 12, which had been fine-screened, 
was uniform and with no particle over 1 mm diameter It. 
therefoic flowed much moio fieely than that fiom No.s 13 and 17, 
which contained fibers of wool and hops 

Scum foi inetl in 111 egular amounts in these tanks before placing 
scum boatds, but aftei this was done it formed promptly and 
mci eased to a considerable thickness at the inlet end of the tank, 
being tough and tenacious 

The following is a typical analysis of tins material when 
foimed on crude sewage* 

Average eliaractciistics of scum fiom Tanks No 13, No. 17 
and No 19 (Emschei) 



Specific gravity 
Moihture 
Dry residue 



1 05 per cent 
82 5 per cent, 
17 5 per cent. 



The average composition of the diy residue was 



Volatile mutter 
Fixed 
Nitrogen 
Fats 



00 5 

.19 5 

1 7 

13 5 



per cent 
per cent 
per cent 
per cent. 



No scum of this kind formed on Tank No 12 

The fact that the scum floats m spite of its high specific gravity 
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is explained by the piesence of entiained bubbles of gas which 
111 KM nt od on icmoval, produced an offensive odor. 

Pa Sedimentation heie for 15 hours removed 123 
ot 1 lie 1(1,1 pui ts per million of suspended mattei 1 Dmmg 1910 
:i .sedimentation tank at Millmont icceived 1425 million gallons 
<>l ,st i \vago 

Throo and tin co-tenths cubic yaids per million gallons weie 
romnvod with 10 houia' retention and a flow of 3 million gallons 
per day tluougli a tank 250 ft X50 ft XlG ft in size The 
composition of the sludge was 2 



Mnirtturc 1 
Mineral inatiei 
Volutilo mattei 



91 83 per cent. 
2 83 per cent 
5 34 per cent 



The tank was cleaned times duiing the year, but at no time 
have theio been scuously objectionable odois fiorn the sludge 

Kmnirutt, Wmslow and Pratt give the following comparison 
ot 1 ho results obtained by plain sedimentation at Plamfield, N J , 
Columbus, O , and Reading, Pa 



I'liimfiolil, N J 
rolunibiiH, () 
UciicliiiK, I'll 



liohULrs OP PLAIN SEDIMENTATION 


Ponod of aoclimontation 


Suspended solids Per cent 


Hours 


Parts per million 


Influent 


Effluent 


Reduction 


10 
13 
Ifi 


US 
304 
165 


54 
101 
42 


54 
67 
75 



V SEPTIC TANK SLUDGE 

State Board of Health 5 Experiments with 
septic tanks have been conducted at Lawrence since 1898 and 
with Anclciver sewage from July, 1899, to July, 1902 In five 
florios 1 of experiments the analyses of the sewage and effluent 
varied between the following limits. 

1 KlnnlouU, Window and Pratt. 

J Enu Rer , Vol LXII, p 186 

1 lti> 1908, p 470, el sn/ 

* A sixth sonos In which sludge WIIH used in place of sewage IB omitted. 
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TABLE XIV 
SUSPENDED MATTMU, IN HEWAOH AND EFFLUENT 



Unfilterod Total 
Loss on ignition 

Filtered Total 
LOHS on ignition 



PaitN por imlliou 



Entering sew.igo 



046-912 
323-404 
475-537 
174-1W 



Tank effluent 



493-571 
175-232 
448-510 
120-173 



In Tank A, 70 per cent of the total suspended matter and 70 
per cent of the suspended oiganic matter received dining 61/4 
years weie deposited, and of this 82 per cent of the total and 88 
per cent, of the oiganic suspended mattei were destroyed. 
Again, during a period of 4 1/2 yoais, OG per cent of the total 
suspended matter and GO per cent of the suspended oiganio 
matter were deposited, and of this about two-thiids of the total 
and SO per cent, of the suspended oiganic matter were dostioyed 
by digestion. The period of sedimentation averaged in the first 
case, about 12 hours, and in the second case, 15 houis. 

In Tank G, in which the peiiod of sedimentation was about 6 
hours, 60 per cent of both the total and organic suspended 
matter was deposited 

In Tank H, with 18 hours' storage, 75 per cent, of the total and 
78 per cent, of the suspended organic matter were deposited, 
while 84 per cent of the total and 90 per cent, of the oiganic 
matter which deposited were destroyed. 

In Tank F, which received a sewage with about 50 per cent, 
more suspended imittci than Tank A, and more than twice that 
of Tanks G and H, 76 per cent, of the total and 82 pei cent, of the 
01 game tmnpendecl matter wore deposited, while of this, 71 per 
cent of the total and SG per cent of the organic matter weio 
destroyed. 

Tank B received a sewage about 10 times as strong as G and H. 
Here 82 per cent, of the total and 84 per cent of the organic 
suspended matter were deposited, and 74 per cent, of the total 
and 82 pei cent, of the oiganic suspended matter m this wore 
destroyed. 
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TABLE XV 
COMPOSITION OP DRY SEPTIC TANK SLUDGE 





Per cent 


Number of tanks from 
which sludge \\ as sampled 


Miuoral mutlci 


45 6 to 70 9 


6 


To till orjjiiMH 1 matter 


54 4 to 29 1 


6 


OrKILIIICI nlll(>K<Ml 


1 1 to 2 9 


6 


Fata 


8 8 to 11 9 


4 


(Jurhon 


25 1 to 20 8 


3 


Hvilrogini 


3 to 4 


3 



Madison, Wis Here, by septic tank treatment, 42 8 per cent 
of the suspended solids and 60 8 per cent of the albuminoid 
ammonia, are removed l 

TABLE XVI 

SUMMARY OP REHULTS SHOWING ACCUMULATION AND LIQUEFACTION OP 

SLUDGE 



Septic tank 


A 


B 


C 


D 


E 




Aug 


A.ug 


Nov 


Feb 


Mar 




16 


16 


22 


18 


9 


Period of Horvioo 1004-6 


to 


to 


to 


to 


to 




June 


June 


June 


June 


June 




30 


30 


30 


30 


30 


Days ill service 


300 


301 


221 


132 


118 


Tat ul million nullons of sewage treated 


9 5 


5 7 


10 8 


4 1 


79 


Avurugo ponod of flow (hours) 


13 9 


21 8 


8 


4 


8 


AvoniRO velocity of flow millimeters per second 


24 


15 


42 


84 


14 


TUIIH dry nolld por million gallons 












In applied Hewofio 


61 


61 


82 


86 


1 21 


Deposited lu tank , 
Bumped in efEuout 


31 
30 


31 
30 


28 
34 


26 
66 


67 
54 


Tons dry solids por million gallons 
Deposited 8 . 


40 


40 


36 


33 


86 


In tank at end of testa 


21 


29 


12 


20 


43 


1'nr cont. Mohd matter liquefied 


48 


28 


67 


39 


50 


Ciihio yiwdtt wot Hludgo per million gallons sludge 


1 4 


1 8 


S 


1 5 


2 9 


tnmted found m timk ivt end of tost 













(Jolumbm Experiments Five septic tanks were used in the 
Columbus experiments. Tanks A, B, C and D received the 
effluent from the grit qhamber, and A received the sewage after 
Hcreening. Tanks A, B and C were 8 ft X 40 ft in plan with 

i PuriHoatiou with apodal ref to Wifl conditions 'Geo J Davfe, Jr , and J T Bowles. 

^(2 Jt ^o'oH to 36 to eorrespond to t of computed deposit to actual 
deposit respectively in plarn sedimentation Tank A 



,S'/i'll . 



an effective capacity of 17,000 Callous Tank 13 was circular, 
12 1/2 ft,, in dmmetei, with an effective depth of f> 1/2 ft, It 
was baffled HO as to make the length of flow 40 ft- and had an 
effective capacity of about 5370 gallons, and waa coveietl. 
Tank E was a cylmdiical boiler shell (j ft dianictci by 15 ft loujt, 
aii-tight, with a 1/2-in gas pipe leading to a metei. The effec- 
tive depth was 5 ft and the capacity 7200 gallons 

In geneial, it may be assumed that in Tanks A, B mid C the 
average accumulated deposit amounted to 1 33 cu. yds per 
million gallons as compaied with 3.3 cu yds per million gallons 
with plain sedimentation The peicentage liquefied was thciv- 
foie about GO The 50 per cent liquefied with crude aewa&o 
m Tank E was believed to be a fan avoiage to use in estimates 

The composition of the resulting septic sludgo was found by 
analysis to be as follows 

TABLE XVII 

C'OMI'OHI flON OK Sl'U'TK 1 TANK 



Tmk 



of -wot Kludge, pounds por culuc 
Spcuhr gmvily 

Wiilur, pui cinil 
SolU, pur cun I 
VoltUilu muttm, per ciml 



A 


n 


o 


D 


K 


l&it) 


18.W 


ISJ'J 


1800 


ISU.i 


t OSO 


I 080 


1 (ISO 


1 009 


1 OS7 


8{ ,J 


S2 1 


SI _' 


hi 7 


M 7 


10 7 


17 7 


J6 S 


II J 


11. i 


-1 4 


A 4 


i .t 


4 1 


r . O 


2 r > 


o jr. 


-M 


o in 


IS 


01 


1 0(1 


i or. 


I M 


1 17 



The i eduction of .suspended matter seemed at Columbus during 
the yeaia 1909 and 1910 by septic tank-treatment was as follows: 

TABLE XVIII 
RKIJUCTION ov ^UHI-ENDED 



Daily volume- of nowunui million Knlloiw 
Puricxl of flow tluoiiKh tuuk, Iioum 

ToUil HUHpt-ndixl nuilLor, piirlw por million 
Screened suwu^u 
Septic oHlupiit 



The por cent suspondud mtittor rtunovcd WIIB, m 1900, 58, und In 1010, 02 
1 Furnished by W. W Jackson, Supt Water Works, 



Minimum 


Minimum 


Moun 


1000 


HMO 


1000 


1(110 


l'HM 


JIMO 


Jl i 
JO 


17 
17 


\ I 
1 .* 


J 5 
.{ r. 


11 1 
10 1 

201 
8U 


iy o 

7 '2 

211 
80 


1088 
2iO 


0.40 
24 


IS 

i:i 


30 

n 



KLUDGE TREATMENT IN THE UNITED STATES 221 

PawtutKct, R I ' In 1900, 41 5 per cent of the 01 game matter 
was icmuved by the tanks At the end of 10 months' opeiation 
the accumulation of sludge was 5 428 cu yds pei million gallons 
with 81 75 por cent moistme The dned solids amounted 
thorcfoic, to 99 cu yds per million gallons of sewage 377 33 
purls poi million, or 1 868 cu yds of mineial matter weie de- 
posited in the tank for each million gallons of sewage The 
amount of dried solids lemoved by septic action was, theiefoie 
187-099 = 088 cu. yds pei million gallons The cost of its 
lemoval was 41 1 /3 cts per cubic yard. This treatment has now 
boon discontinued 

Manifold, 2 The sewage from about 10,000 peisons, 40 pei 
cout of which is collected by the sepaiate system and which is 
much diluted with giound watei, flows at a late of about one 
million gallons per day through bar screens with 3/4-in openings, 
and is then settled in 4 septic tanks 92 ft. 3 in X 52 ft in plan, 
having an effective depth of 7 ft. and a combined capacity of 1 
million, gallons 

The crude influent sewage contains but 34 to 42 parts per 
million of suspended matter, and the effluent contains 34 paits 
per million, showing very little reduction The following is a 
more recent analysis Parts per million of suspended mattei : 

Total Volatile 

Crude sowuge " 74 55 

Septic effluent 85 to 135 43 to 54 

The sludge resulting from 4 years' operation weighed 1868 
Ibs por cubic yard It had a specific gravity of 1.11, and con- 
tained 

Moisture 80 8 per cent. Nitrogen 1 03 per cent 

Volatile matter. 3 6 per cent. Fats 4 7 percent 

It was granular in structure and not offensive when removed 
from the tanks. Exposed in thin layeis for about 4 days the 
' black color, due to feme sidphide, disappeared, leaving the 
material similar to humus 

The cost of disposal for the 1200 cu yds of sludge lemoved 
was about 50 ctH. per cu. yd 

PlaniJMd, N. J. 1 The population of 20,550 persons furnishes 

' Hop of Pity Eng'r for year ending Sept 30, 1900 
J Hop HI. Bd Hlth , 1908 
*Kng.Rea Vol LXIV, p 29 
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about 1 9 million gallons pei day of domestic sewage to 4 septic 
tanks having n combined capacity of 1 35 million gallons. 

In Mairh, 1910, 1000 cu yds of wot sludge and Hcuni woio 
removed, equivalent i.o 3.35 cu. yds. per million gallons of sewage 
tieatcd during the previous ] 1 months. 

In Maich, 1911, 1050 eu. yds of wet sludge and scum were 
lemoved, equivalent to 3 01 eu yds per million gallons of sewage 
treated during the previous year. 

No objectionable odors were given off except while the tanks 
were being empl ied 

In 1910 tho avciage suspended matter, in pails per million, 
was as follows 

In screened sewage 152, vaiying from 114 in Febiuary to 271 
in November 

In septic effluent 50, varying from 42 in May to 72 in December. 

The percentage of removal was, theiefore, l>4 5. 

The fata avei aged 42 8 paits per million in the screened sewage, 
and 27 7 parts per million in the septic effluent, the percentage 
of removal being about 35. 

\Vataibiinj, Co7in * Observations were made hero of tho 
results obtained with two septic tanks 14 ft. XO ft. 3 in XO ft. 
in size, of a capacity of neaily 4000 gallons each, beginning in 
June, 1905, and lasting 18 months The time allowed lor 
sedimentation varied from 8 to 33 hours, and the losults were as 
follows. 

TABLE XIX 

llHMOVAL <)!' SOLIDH IN SK1TIC TANK.H 



A vertigo pnioil of Hcdimontiitioii. 
.Horizontal vol. in mm por HOC 
Wet Hludgo 111 tank. Gu ydw 

lou NGWIIRO 
Dry HoliclH dopomtcd. Tons j 

Ion Howago 
Pur cent retained in tank 





Ttiuk No "2 


Tank No. ,i 


1. IIoUlH 

ur million gal- 


15 5 
08 
1 07 


* , 11 
11 
55 


r million gal- 


0.25 


25 




f>6 


Ml 



i Eng. News, Vol LXI, p. 506 
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TABLE XX 
COMPOSITION 01- SKPTIC SLUDOK AND SCUM IN TERMS OP THE WET MATERIAL 






Sludge 


Scum 




Tank No 2 


Tunic No 3 


Tank No 2 


Pounds por cubic yard 


1721 


1738 


1037 


Specific gravity 


1 02 


1 03 


97 


Moisture, por cent 


80 3 


85 4 


80 Q 


Total solids, per cent 


13 7 


14 6 


19 1 


Volatile, per cent 


5 9 


7 


8 9 


Nitrogen, per cent 


16 


22 


34 


Fats, per cent 


1 53 


1 52 


2 00 



Saratotja, N TV The voluinc of flow amounted in 1904, to 
fioin 1 1/4 to 21/2 million gallons daily of weak domestic 
sewage, the population varying from 12,000 m winter to 50,000 in 
summer. 



COMPOSITION OF SEWAGE 



Free ammonia 
Albuminoid aniniomii 
Oxygen consumed 
Suspended solids 



Ptirth por million 

20 

4 

50 

200 



There are 4 septic tanks 91^1/2X51 1/2 ft., holding 8 ft. depth 
of sewage, or with a total capacity of 1 3 000 ; 000 gals. 

The period of retention of sewage was 10 to 15 houis. From 
July, 1903, until January, 1905, no sludge was removed from 
Hoptie tanks 

The following shows the results of the treatment . 



Total dry solids received 
Dry solicit? passed in effluent 
Dry solids in tank, Jan. 1, 1905 
Dry solids removed by digestion 



500 tons. 

175 tons = 35 per cent. 
100 tons => 20 por cunt. 
225 tons =46 pei cent. 



1 Eng, Rec , Vol LI, p 84 and Rep N, Y, Dopt HUh , 1907, VoL II 



22-J iMWMtti 8LUDUE 

The composition of tho sludge and scum wan us follows 



Wet material 

Spucihc gravity 

Mointme 
Diy residue 

Volatile 

Fixed 



Sludgo 



1 025 

04 per cent 

4 5 per cent 
1 5 per cent. 



Scum 



075 
SO 5 per font 

10 per cent 
3 fi per font 



VI SLUDGE PROM EMSCHEK TANKS 

Philadelphia Experiments Experiments weic made m Phila- 
delphia with an Emschei 1 tank 5 ft in diameter and 10 ft deep. 
The conical bottom inclined 30 degiees to the honzontal By 
a cylindncal baffle, the motion of the sewage was fiist downwanl 
fiom the annular influent channel sui rounding tho cential vent 
and then upwaid to the effluent at the periphery about 41/2 
ft. in each dnection The sludge chamber was about 4 ft in 
effective depth. The time of passage was about 2 houih Din- 
ing 3 months' use (Jan 12 to April 13, 1910) 53 pei cent ot the 
suspended solids were removed, leaving in the effluent 92 parts 
pei million 

The sludge pioduced had the following chaiacteristica 

Wet sludge 

Specific giavity 1 085 

Moisture 82 5 pr cent. 

Volume per million gals of aejvage 9 cu. yds 

Dry residue 

Volatile 3S pur cont. 

Fixed 62 por cont 

Nitrogen 1 2 per cont 

Fats *. 65 per cent 

The results obtained aie not stuctly comparable with thoso 
from a tank of the 30 ft depth recommended by Dr Imhoff 
The deeper tank would produce a sludge with less moistuie and 
with a laig,er amount of entrained gas, which would be of 
quent value in assisting the process of drying. 
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The o volution, of gas appeal s to have been quite active in the 
.sludge chambei It was inodorous and presumably composed 
chiefly of methane (CH 4 ). 

As wit.hdi.uvn from the tank the sludge was "fine, granulai 
and homogeneous, considenng its lelative diyness, it flowed 
iieely and did not have an offensive odor When withdia^n 
1 1 oni the sludge outlet, the odor was decidedly 'tany/ and 
afiei a lew days the dned mass was inodorous." The solids 
appeared to have been completely digested 

The composition of the scum was as follows: 

"Wot sludge 

Specific gravity 1 05 

MoiBturc 87 2 per cent 

Dry rcHiiluo 

Volatile 61 8 per cent 

Fixed 32 8 per cent 

Niliogcn 1 9 per cent 

Fnts 14 3 per cent 



Eipenmcnts 1 Experiments with the Emschei tank 
have been cained on by the Chicago Sanitaiy Distnct 

The total depth of the cucular tank was 17 ft and the inside 
diameter 7 ft. 1/2 in An 18-in. cential vent pipe was supported 
by a conical hood separating the two chambers and a cylindrical 
baffle caused the sewage entering neai the cential vent to descend 
to a depth of at least 3 ft fiom the surface and then rise to the 
opening loading to the 2-in. effluent pipe. The sludge chamber 
had a total depth of 12 ft. 3 m., the lower 4 ft. foimmg a cone 
with a slope, of 45 degrees. 

The sewage flow amounted to 48,500 gallons per day from May 
2(i to June 7, 1010, 31,000 gallons per day fiom June 8 to Sept. 12, 
and then 13,500 gallons per day to Nov 1 It was first passed 
through a 5/8-m. scieen and then pumped fiom mid-depth at 
the HC.rccn chamber through 40 ft of force main and a grit cham- 
ber to the tank. The time of passage through the tank was 
about a hours, the lattei part of the time the capacity of the 
upper chamber being 1175 gallons The reduction of suspended 
matter was from 04 per cent, to 69 per cent after the operation 
wiw well established. About 2 cu yds of sludge were pioduced 

1 ( IUOI-RO M Wisnor, Chief Engmoor, and Langdon Pearse, Assistant Engineer, the Sanitary 
Lhslriut of Chicago 
15 



226 



SEWAGE SLUDGE 



per million gal. of sewage dining the Hummer and fall of 1010, 
havuig the following, characteristics, and 0.03 cu. yds per million 
gallons of completely digested sludge per million gallons dm ing 
a period of 5 mouths l , 

Wet t*liulgo 

Specific gravity J 1 

MoiHturo 80 to ')() poi ont 

Dry rosiduu 

Volatile mat/lor 'M pc'i ri-ni 

II'IXIM! mutter (>1 pci rout 

With prolonged operation, and wheie the sludge chamheis 
are of sufficient depth, any mixing of the top and bol.tom layer* 
of sludge will be prevented and there will be a giadual move- 
ment downward towaid the bottom. AH the sludge approaches 
the outlet, the organic ingredients are moic and mo IP decomposed 
so that a more favorable condition, when disehaiged, may be 
expected than m the case of the comparatively small experi- 
mental plants at Philadelphia and Chicago 

The following table gives comparative data for several plants 
in the Emschcr clistiic-t. 2 

TABLE XXI 
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In comparing these results with those obtained at Philadelphia, 
the Gorman plants are seen to handle a much douser sewage 
combined with a lower percentage of moisturo in the sludge 
resulting from briefer periods of sedimentation. It should lm 
remembered, too, that the sewage in t-ho Emscher District 

1 Hup on Sow Dwp , Cluaiiffo, Uoo M Wimior, loll 

1 TflehniBchcs QomnndebLM , Mar., 1011 Eng News, Vol T^XV, p OflU 

a The sludge npnoo at Rookhnghauijua is Inaulfiolont for oomplato iloctiniporiilion, 
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includes large volumes of tiade wastes Foi these reasons 
furthci c\poncncc under normal American conditions, and with 
Full-Kissed plants, are necessaiy before the true relative value of 
this piocosn can be established 

In ;i papei pieseuted by Mi Charles Saville 1 to the Boston 
Society of Civil Eugmeers, 2 he states that from 65 to 75 per cent 
ol the suspended solids in the sewage aie usually removed The 
hciun formed is generally of small amount and quite odorless. 
It requiies loosening with a lake once a month or so, to permit 
the escape of gas and allow much of it to deposit, but about 
once n yeai it becomes necessaiy to remove the scum fioin the 
sin face 

The sludge is drawn off at intervals of from 2 weeks to 6 months, 
preferably the moie frequent penod. This should not be done 
by suction as this removes the entrained gases which it is desir- 
able to retain incorporated with the sludge until placed on the 
drying, bed ; nor should withdrawal be so rapid as to permit the 
foi mation of a cone at the suiface and the consequent entrance of 
sewage, us deseubed by Elsnei. The effluent pipe should then 
be filled with watci or sewage to prevent the formation of an 
interior ciust and consequent clogging with the next dose of 
sludge. 

The energy with which digestion takes place probably depends 
to a great extent on the temperature In the Emscher District 
the temperature m the sludge chamber remains practically 
1 lot ween 55 and 63 even in winter. If the tanks were above 
ground or in a much colder climate the sludge chamber would 
probably have to be of greater capacity on account of the de- 
creased bacterial activity. 

lu the design of Emscher tanks the space required for sludge 
storage should be approximately known Until more is known 
regarding the rate of progressive concentration, due to digestion, 
it will bo snfo to assume the volume of the sludge duimg storage 
a maun between that required for fresh sludge and that finally 
produced by tho Emscher tank from the sewage treated during 
th assumed period of storage The volume of fiesh sludge and 
tho period of retention may be assumed from the data already 
given in the discussions by Dr. Elsnei and Dr. Spillner. 

If wo assume 80 per cent, moisture in Emscher sludge and 90 

' Associated with the firm of Bering and Gregory Formerly with the Emadieroenosien.- 
schnft at Essen 
i Deo 28, 1910. 
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pel cent in tieshly settled sludge, the hit lei \\ill occupy t \\ire the 
volume ill 1 the loimei, and an equal nn\Une will occupy I I/-' 
tunes the volume ol lOmschei sludge when completely digested 
Theiefoie, il 

jj = llow ol sewage in gallons per capita pei day 

l r = total daily llow ot sewage 

/' = population sei veil 

1) = days' retention oi sludge 

( T = eifective capacity of digestion chamber in cubic leel 

, r = 10,r>()0 -=10, r>()0 /'/),. iml 

I)V 
_ r. or-,/) />/; 

V >~ 

If we know the parts per million of suspended soluh Unit m:iy 
be expected to Mettle out fiom a known sewage in its passnge 
thiough the sedimentation chamber and if we accept (lie esti- 
mate of fcjpillnoi and Blunk (see page 177), as to the i eduction 
in the volume of sludge by its passage through the digestion 
chamber of the Kmschei tank and by subsequent air-di ymg, 
theic will lesult the quantities given in the following Inble 

T'Vnuo x\rr 

i' 1 ST.UDOE AND Aiu-Diiiwi) SUMHIK I-IMI MII.UUN (!Ai,i.o;sm or 
oi 1 DiiiTKiii'.NT ])KNHITLI:S I-UDM Sni'AUvrn S^HI'MIK lii.si'i.i- 
iN<, I-'HOM "EMscmou TANK THIIVTMI.N r 
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IniliolT gi\es the sludge pioduced by the combined sewage of 
IWlmm .w 2 hteis, 01 007 cu ft pel capita daily l If v = the 
wcwugo flow per capita daily, the sludge icsultmg fiom each 
million g.illuns of combined sewage will be 7000/n cu ft 01 
LMiO/w cu 'yds The sludge resulting fiom sepaiate sewage, 
DP 1 inholT s,u H, is about half as much With these assumptions^ 
flu> following table of sludge volumes, which was piepaied by 
Mi John H (iiegoivfoi the Metiopohtan Sewei age Commission, 
(l New York, grvo.s the sludge output that will reqime final 
disposal 



TABLE XXIII 

Srnrxn; l'nonirrni> in TIN-, EMSCHEII TANK WITH SEWAGES OP DIFFERENT 

STRENGTHS 
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' Wiiwwr unl \bwusBer, 1'Vli. 4, 1011, p 446 
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VII tilAJDCiE KROM ClIKMK' \L PltKX'Il'lT VJ'ION 

Massachusetts State Boaid of Health l A huge numbei of 
expeiiments have been made by the Massachusetts State Boaul 
of Health on chemical precipitation These indicate that by the 
proper use of copperas, feme sulphate or alum, all the suspended 
matter and from 25 to 43 per cent, of the soluble organic matter 
of sewage as indicated by albuminoid ammonia may be lemoved 

"Using equal values of the different prccipitants, applied under 
the moat favoiable conditions for each, upon the same sewage, 
the beat icsults were obtained with fenic sulphate Neaily as 
good icsults were obtained with copperas and lime, while lime or 
alum alone gave somewhat infenor effluents." 

Dm ing the 5 yeais, beginning, with 1893, sewage was treated 
with 1000 Ibs sulphate alumina per million gallons, and allowed 
4 houis for sedimentation As a result there was removed 

Total albuminoid ammonia, 5U per cent , varying from 50 to 

63 pei cent , in different years 
Albuminoid ammonia in suspension, 78 per cent., varying 

from 72 to 83 per cent in diffei ent years 
Fats, 59 per cent , varying from 47 to 80 pel cent, in different 

years 

Worcester, Mass 3 The sewage in 1910 aveiagcd 14.57 million 
gallons per day (or 1072 gallons pei capita), including 3.47 
million gallons of infiltration and a laige amount of lactory 
waste, reudciing it decidedly acid. Of this volume an aveiage 
of 9.81 million gallons of sewage per 'day were treated with 989 
Ibs of lime per million gallons. Alter from G to 12 hours of pre- 
cipitation, 3 the sludge pioduccd amounted to 22 cu yds per 
million gallons, representing 77 8 per cent, of the suspended 
organic matter. This is drawn off by a floating arm and laised 
by Shone ejectors to a storage tank where 30 to 50 Ibs of lime per 
thousand gallons is added m the form of milk of lime 15 or 20 
per cent, of the supernatant liquid is drawn off to sand filteis and 
the heavy sludge pumped under a picssiuc of 80 Ibs. per squaie 
inch to filter presses. When pressed, this produces 3.09 tons of 

1 Rep Purification of Sowngo and Water, 1800, p 780 Aii Rt<p , IflOS, p 157 

* An llep Supt of Sowore, 1009-10 

3 Thore arc six primary tuixka, opera led in HorlcH, 100 ft XO(J 2/'A ft X 7 ft m HUH with 
ft capacity of 350,000 Rftllons and 10 secondary tanks, opiiriitod In pnnillol, 106 12/.J ft, 
X40 ft X7 ft in nis5G with u capacity of 350,000 gallonu 
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sqiuue, b> whnli it is picssod into cake fiom 3/8 to 1 1/4 m. 
thick Vboul ."> 01 tons of cake pei million gallons of sewage aie 
pioduced, 01 24 ton per cubic yaid of wet sludge The piessed 
cuke contains 724 pci cent moistuie Foity-seven pounds of 
lime per thousand gallons were added to the sludge befoie pi ess- 
ing Two men working together will lemove about 50 tons of 
cike horn the pi esses in 10 hours Oidmaiily, eight men aie 
employed on 10 pi esses 

The cost of chemical precipitation in 1910 was $3 11 per 
million gallons of sewage, and that of sludge disposal, $4 06, 
making the total cost $7 17 The sludge piessmg cost $2 62 per 
loll ol solids. 

\ll!tuiri; Ohio About 1 6 million gallons of sewage per day 
\\ere icceivcd by a separate system of seweis fiom 6oOO peisons 
in IW)7 and passed though 2-m and 1/4-m bar scieens to 3 
piecipitutum tanks, SO ft X40 ft X6 ft in size, having a total 
i-jipju ily ol -120,000 gallons The sludge is pressed, leducmg the 
moiMuie From 88 per cent to 47 per cent, 1500 tons of wet 
sludge i'uimshmg 00 tons of pi cased cake, or 2 5 tons of cake per 
million gallons of sewage. The sludge cake is usually taken 
a\\u\ by f armors for fertilizer 

Tho t-oHt of operation was, in 1906, 45 cts , and in 1907, 55 cts. 

per capita. 

Cnntnn, Ohio 1 About 2 1/2 million gallons of domestic 
s'\\,ige wore, contributed daily in 1908 by a population of about 
Jli/iOO. After passing a screen rack 2 ft 6 m X4ft 2m in 
sue, inclined 20 degrees to the vertical, and composed of 3/16 
in. X 1 1/4 in. bars, set 7/8 in apart, the sewage, which contains 
I mi. W parts per million of suspended matter on account of the 
large proportion of giound water, is tieated with about 13 6 
grains of liino por gallon (1 ton per million gallons) on week days, 
nuiL half this amount on Sundays. It then passes to a seiies ot 
4 tanks 100 fl.X50 ft.XS ft m size, having a total capacity ot 
700 000 gallons, for precipitation The surface velocity was 
measured in the first of these tanks and found to be^l ft. per 
minute, lu iho other three tanks it was 27 8 ft. per minute 

Tho period of retention was 6 7 hours The first two tanks 
are cleaned time* a week, the last two 2 times a week The 
Kludge in pumped to neighboring fields and plowed under, but 
thiH mode of disposal has not proved satisfactory. 

i Hop. Hiulo Board of HeulUi, 1908 
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The cost of operation in 1901 was $3850, which, at 2 1/2 
million gallons per day, would be $4 22 pei million gallons 

In winter, with plain sedimentation, 13 7 cu yds of wet sludge 
were removed in this way per million gallons of sewage, while m 
warm weather, with chemical precipitation, the amount removed 
was 14 3 cu yds per million gallons The suspended solids, 
which amounted to about 86 paits per million, were reduced by 
about one-half in each case, and with chemical precipitation 
the total organic matter was i educed by about the same amount. 
The greater part of the sedimentation took place in the fiist 
tank 

The results of several analyses are given in the following 
table 

TABLE XXVI 
REMOVAL OF SUSPENDED MATTEH. AT CANTON 
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Although about 50 per cent of the 01 game matter is removed, 
the effluent is unstable and not entirely satisfactory, and the 
extra cost, due to the use of chemicals, does not appeal to be 
justified by the lesults. 

The annual cost of operating the works is about 15 cts per 
capita of population. 

White Plains, N. Y. 1 This plant, operated under the patent 
process of J. J Powers, will soon be discontinued owing to the 
construction of the Bronx Valley trunk sewer In 1907 there 
weie nearly 14,000 persons contributing about 850,000 gallons 
of strictly domestic sewage daily. 

1 Rep N Y State Bd. of Hlth , 1907 
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This passed tlnougli a veitical screen of 1/8 in X 1/2 m bais 
4 It. long spaced 1 in center to centei, to a sedimentation cham- 
ber 45 It X 24 ft. in size, 5 or 6 barrels (1200 to 1300 Ibs ) of 
lime, weio added daily with a varying amount of perchlonde of 
iron hequently a caiboy (140 Ibs ) a day. 

When removing, sludge, once a week, the tank is disinfected 
with ehlormc, as described heieafter for the East New Yoik 
plant 

The sludge, amounting to about 35 cu yds per week, 01 5 9 
c-u. yds per million gallons of sewage, is pumped to 2 diying 
beds having an area of about 3600 sq ft ' After diying, a small 
p:u t of this IH utilized as a fertilizer 

The annual cost of the process foi mateiial was 



Coal, 145 tons lit $5 25 I $ 761 25 

Pm-chlonilo of iron, 300 carboys of 140 Ibs. at $0 0275 . 1,155 00 

L\mv, 2,210 bhlh nil 40 j 3,136 00 

Vitriol, 10 caiboyH of 140 Ibs. at $0 0275 I 154 00 

5,206 25 



or $10.78 per million gallons treated. 

Brooklyn, N. F 1 The Boiougk of Brooklyn, New York, 
maintains 4 chemical precipitation plants, employing the process 
patented by J J. Powers Two of these are at Coney Island, 
one near Shcepahoad Bay, and the third and laigest at East 
New York. Being similar in principle, the latter, only, ^will be 

described 

Tho Howugo, amounting in 1907 to about 12 million gallons 
per day from a population of about 100,000 persons, including 
tho juirfaoc diamage from 3200 acres, is fiist dosed with lime 
to the amount of 5 bbls per million gallons and then enters, in 
parallel, two sedimentation channels 16 ft wide X 7 ft deep X 
ViO ft long. From these it passes to a well 40 ft. in diameter 
from which it is pumped to an outfall flume 

For from 30 to 48 hours before cleaning out the tanks the 
sludge IB disinfected with chlorine generated from 108 Ibs. 
sulphuric acid, 64 Ibs. common salt and 48 Ibs. manganese dioxide. 
Tho sludge is then pumped on to shallow lagoons excavated near 
the plant and dried. 

' Ren. Metropolitan Sewerage Com of N Y , 1910, p 259 
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TABLE XXVII 

RESULTS OF ANALYSES OF SEWAGE MADE DEC 11, 1907, AT EAST Nrcw 
YORK DISPOSAL PLANT BY DR. D D JACKSON PARTS PER MILLION 
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At the four above-mentioned plants there were said to be 
produced in 1907 33 1/3 cu yds of sludge per million gallons 
of sewage. 

Theie were used for piecipitation 1 15 bbls , or 263 Ibs of 
lime and 133 Ibs of pei chloride of iron per million gallons of 
sewage, and foi disinfection of sludge theie were used 
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Regai ding the efficacy of these plants, Dr D D Jackson 
states : 

"The process of punfication has not mateiially i educed either 
the suspended matteis or matters in solution * * * * * 
The effluent is * * putrescible at the end of 24 hours " 



VIII THE DISPOSAL AND UTILIZATION OF SLUDGE 

1 Disposal of Night Soil on Farms 

The most primitive as well as a most effective method of 
utilizing sludge is by its direct application to the land as a 
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foililijsoi By the lemoval of fecal mattei fiom cesspools befoie 
it has been diluted with any laige volume of watei, the piocesses 
ot hedimeutation and sepaiation aie avoided, although foi othei 
i iMhons 1 ho use of cesspools is not to be advocated. This method 
of disposal has been employed up to the piesent time on such a 
laige scale in Baltimore, Md , that a biief desciiptiou is given 
hoe 

A contract is entered into with the city by which the right is 
secured to chaigc the householder a certain sum foi the lemoval 
of night soil This is drawn by suction with^ "odorless excava- 
toi s" from the cesspool when it becomes necessary, and con- 
veyed to barges holding 450 loads of six ban els (about 200 
gallons net) each, for winch the conti actor operating the barges 
loccivcs 25 cts per load foi disposal. In 1909, accoidmg to 
Di. James Bosley, Commissioner of Health, 61,748 loads were 
icmoved in this way, in addition to which moie or less finds its 
way, illegally, by other channels to f aiming land m neighboring 
counties 1 The baiges aie towed down the Patapsco Rivei, 
chiefly to Bear Cieek, about 8 miles distant, where their con- 
tents are pumped by specially designed pumps of large capacity 
to lagoons prepaied for its reception by the f aimers An 
ordinary lagoon or pit holds a scow load, or about 100,000 
gallons, and tho operation of pumping occupies about two hours 
For this amount, which is deliveied to him as required, the farmer 
paid the contractor several years ago $1 '67 per thousand gallons 
Tho heavy sludge remaining m the scow is lemoved by shoveling 
into carts and is also taken by the farmei. 

Tho pits aie used merely foi storage until the material is 
i pquircd, when it is bailed with long-handled dippers into tank 
carts and nprinklcd over the fields 

A large variety of crops is fertilized in this way. One fanner 
stated that he had used 6 barge loads of night soil (at the rate 
of 4000 gallons per acre) and 35 barge loads of gaibage (also 
handled in this way) duiing the yeai on 150 acres of kale, cab- 
bage, tomatoes, potatoes and spinach The liquid portion 
appeared to bo more immediately effective, but the heavier 
portion produced a.moie lasting effect 

The odora in the vicinity of these lagoons are very offensive, 
but, so fin- as known, they have not had an unfavorable effect 
on tho health of those living on the farms The nuisance from 

' Alao, about 2030 houses are connected (1911) with storm water drams Dr J M Bosley. 
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lies 1ms been consideiable and the possibility of con\e\ ing 
lisease by I horn should not be forgotten 

A moie seiious objection lies in the illegal use of nighl soil on 
growing vegetables before gathering foi the nmiket Tin* H 
/eiy difficult to pi event on account of the inaccessible location 
jf the farms Application to the ciops is .supposed fo lie made. 
ieveral weeks (10 in the case of kale) before gallieiing 

With the introduction of seweis this system of disposal tind 
utilisation will, of course, be abandoned 

2 DiunpitKj at >S'ra 

Disposal of sludge by dumping at sea, as piactised at London, 
(Jlasgow, Dublin, Manchester and S.iltord, is almost unknown 
in the United States The cost at several of these places is :ih 
follows, 

TABLE XXVUI 
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Further details are p;iven in Ihe following table 



Toiiri Mifi'mid Ki iiro of 2000 poiuidn 

HOT), lltjyal Com on How Diap , p. 107. 
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TABLE XXIX 









Coat per Ion 


Cost per million gallon 
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inoiaturo 


Land 
charges 


Sea 
charges 


Total 


Lund 
charges 


Sea 
charges 


Total 
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rkinp; 


1007 


9.2 04 


SO 050 


$0 067 


$0 117 


$1 57 


$.2 10 


S3 67 


himiusw 


1007 


91 05 


040 


067 


113 


78 


1 13 


2 Ql 


)iilmmr 


1007-8 


80 60 


016 


049 


065 


34 


1 06 


1 40 


ni'liiwlur 


1008-7 




044 


117 


161 









The first tin PC sludges are from chemical piecipitation and 
the last from septic tank treatment 

Recently Providence has disposed of its sludge cake by dump- 
ing it in Narragansctt Bay fiom a scow 135 ft longX38 ft. wide 
Xll ft deep This is divided into 6 compartments and has a 
capacity of S50 cu. yds when filled level, and 1050 cu yds 
when heaped This is towed about 10 miles down the bay and 
deposited in a depth of about 65 ft. of water 

As already mentioned, the sludge removed fiom the deposit 
newer of the Boston Main Drainage is taken by a scow out into 
Massachusetts Bay and dumped in deep water 

Disposal of sludge by dilution is also piactised at Columbus, 
Ohio, where it is stoied until the river water is in freshet or of 
sufficient volume to render its discharge unobjectionable This 
was also tiied with the sludge from the experimental tanks at 
Waterbury, Conn., where it was observed that when diluted by 
1(>5() volumes of water in the Naugatuck River, there were no 
apparent odors resulting and the mixture was non-putiescible 

3. Application to the Land 

Direct application to the land is frequently employed at small 
works. The ordinary cost of this is given by Mr W. B Ruggles 
as from 40 to 50 cts, per ton of the solid content and the aiea 
required is from 1 to 2 acres (2 or 3 in deep) pei 1000 tons of 
eludgo l Where trenching and bmying is used, the cost is about 
to 14 rts. per ton of wet sludge, or from 90 cts to $1.40 pei ton 

i Knmoutt, Window and Pratt 
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of solids, exclusive of the cost of land The aiea requned is 
fiom 1/4 to 1/2 acie pei 1000 inhabitants/ 01 fiom 2 to 4 
acies per 1000 tons of sludge 

At Mansfield, Ohio, the total cost of disposing of 1200 cu yds 
of septic sludge on the land, employing 6 men and a hoisc at a 
cost of $15 per day, was about 50 cts. per cubic yaid About 
40 cu yds weie handled per day of S houis No nuisance is 
expeiienced except dm mg the opeiation of emptying the tanks, 
when theie is a noticeable odor 

At White Plains, N Y , the sludge from chemical precipitation 
is pumped once a week on to land to a depth of 3 in In about 
7 days it dues sufficiently to be wmiowed and is latei wheeled to 
a dump. About 5 cu yds. weie pioduced from a population of 
14,000 Two sludge beds of 1800 sq ft. each were used altei- 
iiately. 

Diying in lagoons is practised in Reading, Pa , the aiea requned 
being about 1/4 acre foi the 4280 cu yds of wet sludge produced 
in 1910 No offensive conditions were noted clunng the year 

Experiments were conducted at the Philadelphia testing sta- 
tion with diymg in 4 lagoons 8 ft X 12 ft m size 

With sludge derived from plain sedimentation, the results were 
as follows 

TABLE XXX 
RESULTS UP Dm ING SLUDGE IN LAGOONS PHILADELPHIA 



Time m du\s 


Depth in 
inches 

12 20 
7 67 
^ 50 


Per pent 
moisture 

S2 S 
37 
51 Q 


Rainfall, 
inches 




43 


C'ubic yanlw 
sludge per ucre 

1600 
1000 
470 


Screened 
Screened 
Screened 



26 
49 


Screened 
Screened 



62 


13 50 

7 00 


90 1 
01 



3 14 


1SOO 
050 


Crude 
Crude 




59 


12 00 8b 7 
4 70 G2 S 


' 1600 
J jj) 040 



In geneial, wet sludge 12 in deep dries to about GO pci cent 
moisture in weeks, leaving about 4 of the ongmal volume to be 
icmoved fiom the bed 01 lagoon. 



1 Eng Sec , Vol LXIII, p 79. 
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Sludge from the Emachei tank diied rapidly and soon became 
It was lun onto a bed under cover consisting of 



Fine stiiul 

(lUlVL'l 


G in at the top 
6 in 


Siuid 
( iravel 
Jirokon concrete 


2 in 
in 
24 in 


Foundation resembling nat- 
ural conditions 



Thus WHS underdrained by 3-m peifoiated tiles 

It WHS found that 12 in. of sludge placed on this bed in winter 
\V:LS in condition to be removed in 12 days, although containing 
US per cent moisture 

Tho average time for drying in the Emscher District, accoiding 
io Mr. Charles Saville, 1 is about 7 days, but in summer it is 
mmuM.imos removed after but 2 days, the moistuie in the diied 
hludgo varying fiom 55 to 65 per cent 

I'Xpoiimouts were made in lining the lagoons with various 
mutc'iials coaise sand, fine sand, rice coal and sawdust Coal 
:nul sawdust, were favorable to subsequent incineration while 
Mind WHS liable to form clinker "The thick layer of sawdust 
\\iis mouj cfliciont than the thin, whereas the thick layer of coal 
was less othriont than the thin, and the thick layei of sawdust 
won equally efficient to the thin layer of coal " About the same 
amount of moisture was removed by sand and sawdust, this 
being ubout 75 per cent 

At the Elmhurst (Boiough of Queens, New Yoik) plant 
I ho supernatant water is diawn from the tank at mid-depth 
Tho sludge with the remaining roily liquid is then placed on a 
hludgp filter 20 ft X50 ft. m area and 3 ft 3 in deep. The 
ill tor is under cover. It is made of giaded material vaiying in 
sixo from Ii in. at the bottom to sand, with 4 in. of combustible 
material usually buckwheat coal at the top The bed is un- 
derlain by a system of 2 1/2-mch steam pipes to facilitate drying 

The heavy liquid is delivered to the surface of the bed by a 
12-in. pipe and a trough. The nitrate passes by undei drains to 
ti pump well and the de-watered sludge is scraped, with the coal, 
from the surface after about 3 days' drying, and burned under 



miido at the Chicago experimental plant showed that 
sludgo from plain sedimentation containing 90 per cent, moistuie 

i Am' I, Ena'r Emaohor Association, Eng News, Vol LXV, p 664. 
1 ting Hat: , Vol LII, p 87 
16 
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led out to a thickness of 4 in. with but 50 per cent, moisture in 
) days during warm weather 

At Brockton, Mass / the dried sludge raked from the intci- 
ittent niters was first burned on wood fires. As this caused a 
aisance, it was then (1890) sold to farmeis for $125, and latei 
901 to 1906) for $150 per annum. Since 1909 it has been given 
way so as to secure a prompt removal In 1908 the sludge 
veraged 136,000 gallons per day and contained 11,177 5 paits 
er million of total solids. It pioduced about 3500 tons of thy 
udge. The rakings were of the following composition- 

Moisture 16 22 per cent. 

Phosphoric acid 78 per cent. 

Potassium oxide .51 per cont. 

Nitrogen 1 45 per cent. 

Calcium oxide 30 per cont. 

Insoluble matter, sand, etc 70 13 per cent. 

This is used as a fertilizer on corn, potatoes, millet and other 
rasaes, but, with the exception of coin, additional potash and 
hosphoric acid arc required 

In general, the cost of raking and removing the sludge fiom 
ntermittent sand filters in Massachusetts amounts to about 
3 per million gallons of the sewage applied, or from 12 to 30 cts 
ier capita of population 

In the arid portion of the west, conditions are more often 
avorable to the direct application of the raw sewage to the land. 
According to Dr. W. F Snow, Secretary of the State' Boaid of 
lealth of California, some towns in that state operating sewago 
arms realize from $500 to $5000 a year in the crops of hay, 
valnuts, potatoes, alfalfa and eucalyptus wood produced. 

According to Dr. Voelcker, 2 the yield of corn (wheat, etc ) is 
ncroased from 10 to 12 per cent, by the application of sewage 
Judge to the extent of 40 Ibs. of nitrogen to the acre, while 
utificial feitilizers of equivalent strength increase the yield from 
6 to 17 per cent. The use of sludge increases, in particular, the 
item of the plant and therefore the straw produced, but in any 
;ase its value depends even more on the amount of moistui e and 
,he lime contained than upon the percentage of nitrogen He 
)oncludes that from a practical point of view none of the sewage 

1 Ena News, VoL LXII, p 261 

3 Fifth Hop Royal Com on Sew Diap , p 187. 
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sludges used would be worth 10s ($2 50) a ton on the farm for 
wheat -growing purposes 

The economical use of sludge as a fertilizer being exceptional, 
ith disposal on land is reduced to eithei meiely diying or burying! 
As to the choice of these, Mi. Geoige W Fullei states 1 

1 That sludge diying betis aie usually unsatisfactoiy for 
largo plants and that when they have been used with a moderate 
degree of success this has usually been during cool weather 

2 That the buiial of sludge in tienches has ment in the case 
of small installations, but that in the case of large plants this 
cannot compete with the employment of the Emscher tank, the 
product from which is inoffensive and is theiefore easily dis- 
posed of 

4 Filtei -pressing 

Pressing sludge is usually confined to plants employing chem- 
ical precipitation and wheie, theiefoie, there are laige volumes 
of a lather wateiy product to be handled 

At Woi coster this process cost, m the year ending November 
(), 1910: 

Per million gallons of sewage, $2 76 
Pei thousand gallons of sludge, $1 20 
Per ton of solids, $3 50 

The (sake is used for filling in land 

At Providence the total cost of sludge disposal in 1909 was 
$4.22 and in 1910 $4.00 per million gallons of sewage, and the 
cost of sludge pressing was $2.85 and $2.62, respectively, per ton 
of dry solids. 

Aside from the Worcester and Providence plants, where the 
cost data are carefully kept, the information to be had from 
American practice is so meager that the following supplementary 
figures referring to sludge pressing m England are given 

In Leeds, according to W W Ruggles, 3 the cost of pressing 
was, in 1910, but $14,784.61 for 16,017 tons of dry solids, or 
about 92 cts, per ton. 

1 Sewage Disposal with respect to Offensive Odors MIT Congress of Technology, 
April, 1911. 

8 Exclusive of sewage beds and filters Sewage Sludge Disposal, Eng Rec , Vol LXHI, 
p 70 
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Mr Ruggles gives the cost of cremating sludge cake as about. 
$3 per ton of diy mateiial, and that of carting and dumping the 
cake as seldom less than 60 cts per ton and fiequently two or 
thiee times that amount, depending on the haul. 

According to the Royal Commission on Sewage Disposal, 1 the 
cost of pressing sludge undei oidmaiy conditions, i educing the 
moistuie, 90 to 95 pei cent, in the law sludge, to about 55 per 
cent, in the pressed cake, may be taken as follows: 

TABLE XXXI 
COST OP PBESBING SLUDGE INCLUDING INTEREST AND SINKING FUND 



For populations of 30,000 or more and 
ordinary sewage 

For populations less than 30,000 and where, 
on account of septic or greasy sludge, 5 to 
20 per cent lime had to be added 



Wot sludge por ton 

U 2 cts to 15 eta 
IS 1 eta to 28 ota 



Pressed cuke per ton 



59 7 us to 70 6 cts 
SI 4 eta to SI 249 



According to Santo Ciimp, if the moisture is leduced by piess- 
mg to 50 pei cent , the pioduct from each inhabitant will equal 
2 cwt., or 0.112 ton, pei annum after efficient chemical precipi- 
tation. 

Pressed sludge cake weighs, accoidmg to Rideal, 8 2/3 tons 
per million gallons of sewage, and the moisture can be reduced 
fiom 50 pei cent to 12 pei cent by air drying 

The value of this aii-diied sludge he estimates for different 
English plants as follows- 

From $2 48 (Biimmgham using lime, and Windsor emplov- 
ing the Hilles process) to $, r ) 90 (Coventry using sulphate of 
alumina) per ton of 2000 Ibs The dried sludge at Aylosburv, 
where the ABC process is employed, is valued at $7 10 per ton 

5 Drying with Centrifugal Machines 

Drying by centi if ugal machines has hardly been attempted in 
the United States While admitting the excellent results ob- 
tained by the Schaefer-ter Meer machine abroad, its high first 
cost has pi evented its introduction into this country up to the 
present time 

1 Fifth Rep Royal Com on Sow Disp , p 170 
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A rentiifugal diyei of moie simple construction is used at 
Heading, Pa, howevci, foi de-watenng the matenal leceived 
fiom the rotary sciccn The sludge is dehveied with 89 5 per 
cent moisi.iiie by a sciew conveyei to canvas bags These aie 
placed 1>\ hand in the hydro-extractoi , which is about 6 ft in 
diameter and 3 1/2 ft high On lemoval the moistuie has been 
i educed fiom 89 5 to 73 per cent , 19 6 pel cent, of the product 
being volatile, and the weight has been i educed from 62-70 to 
31-ttf>lbs per cubic foot. The matenal taken from the machine 
is bin ned under the boilers of the sewage pumping station. 

The manual labor requiied in the operation is a serious objec- 
tion U) this type of dryer in connection ^ith laige plants 




Km 41 Contrlfugol Hludge-drying machine at Frankfort, Germany 
(Courtesy of The Lathbury-d'Ohor Go , Philadelphia ) 

In Bradford, England, the cake from sludge pi esses is heated 
in a rotary drier, which reduces the moisture from 33^to about 
per cent , leaving the dried product in a form suitable for 
shipping. TJiis is said to find a ready market at $2.17 per ton 
and has proved so profitable that similar machines are to be 
installed at the sewage treatment plant at Dublin 

The cost of producing the dried product for use as a filler for 
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fertilizers under American conditions is estimated by Mr Ruggles 
as follows 

Cost per ton 

Filter pressing $1 00 

Drying 35 

Grinding 16 

Bagging 15 

Total Jl 66 

While its value as a fertilizer, which has been sepaiately 
estimated at $6 76 and $10 79 pei ton, is assumed to be at least, 
$4, leaving a profit of $2 34 per ton * The cost per cu yd of 
dried sludge at Hanover has been estimated at 36 cents and in 
America would probably be more than double this amount. 2 

Kmmcutt, Wmslow and Piatt give the probable cost of dry- 
ing by centrifugal machines as from 5 to 7 cents per cu. yd of 
wet sludge 

With regard to the Schaefer-ter Meer machines, the following 
data are from the operation of the 4 units installed at Hanover 

Dned matenal produced per unit per day 20-39 cu yds. 

Dned matenal produced per milhon gallons sewage 3 3-4 9 cu yds. 

Cost of operation: 

Per unit per day . $12 fc>5 

Per capita per annum 02 

Per million, gallons sewage 1 02 

Per cubic yard wet sludge - 07- 10 

Per cubic yard dried sludge . ... 33- 50 

6 Recovery of Calorific Value 

No attempt has been made to utilize the latent calorific value 
of sludge on a large scale in the United States, but some experi- 
ments have been made in this direction by the Massachusetts 

1 Estimate made by a " well-known laboratory in New York " 

Ammonia, 2 6 per cent $fl fili 

Equivalent of bone phosphate, 66 per cent 07 

Potash, 24 per cent 17 

$6 76 

Estimate- on sample furuished The American Fertiliser of Philadelphia 

Nitrogen, 52 2 Ibs at 20 eta $10 44 

Phosphoric acid, 2 2 Ibs at 4 ets 00 

Potash, 6 2 Ibs at 4 26 cts 26 

$10 70 

8 Rep Sew, Disp Chicago Geo M Wiener, 1911 
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State Boiiid of Health, 1 by the city of Worcester, Mass , 2 and 
by the City of Philadelphia. 3 

In 1898 the Massachusetts State Boaid of Health demon- 
stiated that gas was evolved from the sludge rathei than from 
the soluble contents of sewage. 

In the year 1900 the following volumes of gas were produced 
in a septic tank, illustrating clearly the effect of temperature 

TABLE XXXII 
GAS PRODUCED IN SEPTIC TANK 





April 21 


May 2 to 


July 10 to 


Oct 4 to 




to May 1 


May 22 


July 20 


Out 6 


Average hours storage 


28 


21 


28 


23 


Average temperature in tank 


51 


C2 


74 


05 


Cubic fuel KUB par 1,000,000 gallons of 


6100 


8400 


11300 


6000 


Hcwago passed 










Cubic foot gas por 1000 gallons of tank 


5 3 


5 


5 


5 3 


capacity 










Pubic feet gus pur oubic fi>ot aludgo in Lank 


71 


1 27 


1 27 


71 



To illustrate the effect of varying composition, the amount of 
gas obtained from the fermentation of different sludges was 
determined. 

TABLE XXXIII 
AMOUNT oy GAS PRODUCED BT FERMENTATION OF DIFFERENT SLUDGES 







Par cent 


Cciilimctora of ROB formed por 
gnim of 


Source 


Days 


matter in 





_ 






Kludge 


Sludge 


Organic mutter 


Tannery sewago 


61 


51 


00 


00 


Lnwreaoci sowngo 


20 


84 


34 


40 


Liuvreuco sownga 


21 


78 


C 80 


7 45 


Hep tic tunk 


30 


10 


4 14 


00 



Septic tank gas was found to be composed principally of 
methane, carbon dioxide and nitrogen. The methane varied 
from 28 7 to 79.0 per cent. When obtained from the fermenta- 

1 Rep Moss. St. Bd jHlth., 1008, p, 402, et aeq. 
' Eno Newa, 1802. 

8 Rap Bureau of Surveys, comprising work at the sewage experiment station at Spring 
Garden, Philadelphia, 1910, p 101, et teq. 
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tion of sludge, the methane vaiied fiom 79 per cent in the case 
of septic sludge to 2 per cent in the case of ordinal y sewage 
sludge. 

TABLE XXXIV 
COMPOSITION OP GAS PRODUCED 





Per cent 


Source 


C O 2 


CH, 


N 


Septic tank A 


3 4 


79 


10 


Septic tank B 


42 2 


37 5 


19 


Andover septic tank 


9 8 


28 7 


61 


Sludge from regular sewage 


28 7 


1 8 


69 5 


Sludge from septic tank 


11 7 


75 9 


12 4 



Expeiiments were begun in 1908 on the distillation of gas 
from sludges of different kinds. The aveiage volumes produced 
were as follows 

TABLE XXXV 
GAB PRODUCED PER TON OP DRY SLUDGE 



From settled sewage sludge 

From chemically precipitated sewage sludge 

From septic sludge 

From peat 

From soft coal 



6600 cu ft 
8100 cu ft 
4900 cu ft 
8400 cu ft 
8600 cu ft to 1 2,900 cu ft 



While the composition of the gases depended much on tlio 
somce of the matenal, those fiom sludge contained, in general, 
more C0 2 and CO and of "the so-called illuminants " than thoHp 
derived from coal, while the H and CH 4 were less in quantity 
The icsultmg coke amounted to fiom 45 to 65 per cent of tlio 
weight of the diy sludge and, although containing much mineral 
mattei, could no doubt be burned as fuel Analyses of this 
showed from 1 1 to 1 7 per cent of available P 2 5 and about 
22 per cent of the nitrogen in the sludge "Much of the fats 
* * * * distilled over with the tais * * * This by- 
product could readily be disposed of by mixing it with the coke 
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and burning,, 01 if it were fonncd in (sufficient amounts it could 
be 1 buincd directly, in the same niannoi as water gas tais aie 
utilized." 

TABLE XXXVI 

ANALYST-IS OF SLUDOKS UHHD, PEK CENT OP COKE FORMHD AND AMOUNT 
OF NmioaMN IN COKE 
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w t of total 
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cent 


sludffo) 


available 
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-- 
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LOBS on 




produced 


Found 


AH NH 3 


in coko 
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IgDltlOtl 






in coko 


hi wither 




r 

Lawrence (notl led HCWOBO) 


3 JO 30 8 


12 S 


0.1 5 


11 


580 


1 33 


\nduvur (HU tiled .SUWIIRC) 


211 46 


27 5 


50 fi 


07 


220 


1 J.i 


C'llnton (untiled HOWIIRO) 


2 30 


74 4 


7 7 


ti r, 


72 


404 


1 44 


Brockton (m1 t.lcd HCWUKC) 


1 70 


4(1 6 


2 


00 5 


'14 


137 


1 17 


Worcester (<-hom protip) 


1 10 


44 B 


J 2 


54 


(JO 


544 


1 87 


Soptiu tiink 


2 40 


47 ') 


S i 


08 5 


27 


197 


1 15 


Peat 


2 54 


02 




40 


70 


700 


31 


Koft coal (nvor of I kindu 




00 8 




77 ,1 


222 




Htcura utid KIW coal) 






, 









TABLE XXXVII 
GAHJW PRODUCED BY DHHTUucrivia DISTILLATION oi' SEWAGE SLUDGE 




Source 


Cu ft giw 
pci ton of 


GOa 

V 


Illunu- 
nanta 


O 

P! 


(JO 

ly 


H 

<v 


CH< 

o 


N 
c- 




uiuuple 




"', 












Lftwronoo (nettled nuwafff) 


4000 


4 4 


2 2 


3 


JO 7 


34 9 


18 


1 


Andovor (Huttlod HQWIIR) 


MOO 


7 4 


15 1 


o a 


14 3 


22 9 


.44 .{ 


5 4 


C'linttm (sottlod HOWIW) 


0100 


8 J 


7 





20 4 


33 2 


24 5 


7 


Brockton (suttlnd Hownffii) 


0000 


10 5 


21 4 


2 


10 3 


22 6 


20 1 


2 


Worcoator (choni, jimnip ) 


8100 


14 2 


4 


3 


20 8 


32 


10 2 


2 2 


Suptio tnnk 


4000 


7 fi 


1 


1 


24 3 


44 


13 


10 2 


Pout 


8400 


3D 


4 7 


2 


11 


28 


17 1 





Koft ooiil 


10200 


1 6 


2 


1 


6 2 


62 3 


2/3 7 


3 2 


IlliiiamatiiiK gaa (Lnworenco) 




,1 1 


1 





21 5 


42 C 


10 7 


3 8 



The Worcester experiments referred to weie made in 1S91 
and consisted in burning 45 toziH of sludge containing 40 per 
cent, moisture with the aid of 3 cords of wood The total coat 
of its disposal, including the manual labor of collecting the 
sludge from the beds and conveying it to the furnace, was $3 
per ton of dry sludge 
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At the Philadelphia sewage experiment station wet sludge 
was mixed with an equal weight of rice-size anthracite coal. 
The resulting mixture was 1 57 times the volume of the sludge 
and its specific gravity 1 29. The peicentage of moistuie was 
reduced in this way from 91 per cent to 4$ 1/2 per cent After 
placing in a sludge lagoon to a depth of 12 in and drying 24 
hours, this was reduced to about 27 1/2 per cent , and in 9 days 
to 22 1/2 per cent , the temperature being about 37 F 

The result of the mixing is shown in the followng table 



Constituents 


Per cent 


Lbs per cu yd 


Moisture 


45 5 


1,069 


Coal 


50 


1,175 


Dry residue of the sludge 


4 5 


106 




100 


2,350 



Each cubic yard of wet sludge, after drying, with 1760 Ibs. 
of coal, pioduced one ton of the diied mixture delivered at the 
boilei house f 01 fuel 

The British thermal units contained in the materials used 



were: 



In the coal as received 
In the sludge as burned 



12065 
1216 to 2105 



TABLE XXXVIII 
RESULTS OF BUBNING AXR-DHIBD SLUDGE WITH COAL 



Weight of sludge broken to 2-in size, per cu yd in Ibs 

Percentage of water in sludge . . 

Percentage of dry residue, volatile. 

Lbs dry residue in sludge used 

Lbs volatile matter in sludge used 

Lbs coal burned with sludge 

Lbs wet sludge burned per minute 

Lbs volatile matter burned per minute 

Lbs dry residue burned per minute 

Lbs of coal burned per pound of 

Wet sludge 

Dry residue 

Volatile matter 



710 




to 


1015 




15 


3 


to 


40 


2 


24 


5 


lo 


30 




168 




to 


233 




48 




to 


70 




192 




to 


285 




2 


66 


to 


4 


15 


555 to 


705 


2 


18 


to 


2 


47 



68 -to 
817 to 
233 to 



895 
945 
25 
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The experiment demonstrated that it was possible to burn 
Kludge 111 this way under boilers, but the degiee of economy 
effected was not determined 

Samples were then taken of ah-diiecl screened sewage sludge, 
crude sewage sludge and Emscher tank sludge and mixed with 
equal weights of pea coal, and of wet sludge mixed with equal 
weights of rice coal, but the moisture to be evapoiated intei- 
fered with realizing their full caloric value. The small coal con- 
sumption it was believed, however, would fiequently justify the 
employment of this process in connection with sludge disposal 



OF TESTS OP 



TABLE XXXIX 

VALUE FOR STEAM PRODUCTION OP MIXTURE 
OP SLUDGE AND COAL 





For ocut 
wot slud^o 
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CHAPTER IX 

SUMMARY AND CONCLUSIONS 

le best method for removing the solid matter 
rage we must consider the kind of subsequent 
r, it is to receive. If the effluent is to be put 
ig filters or contact beds or if it is to be applied 
hould be delivered in as fiesh a condition as 
coarser particles should be removed by screens, 
t chambers 01 a combination of some such de- 
3 the piocess will be more offensive and the 
likely to clog If it is to be discharged into a 
se matenal should be removed as causing de- 
jtom or an offensive appearance of the surface 
, however, it is to be utilized on account of its 
Iizmg properties the sludge from plain sedi- 
tmund tanks or that from fine scieens is pief- 
>re completely mineralized product from septic 
If septic tanks aie employed the gut need not 
inteicepted, but maybe handled in connection 
ndge, but in the case of Emscher or Dortmund 
undesirable, as tending to clog the discharge 
irecipitation is sometimes to be pi ef erred in the 
long sewage or one containing acid wastes m 
in case it is thought best to press the sludge into 
Ige is to be buried, air dned, used foi filling m 
at sea the septic and Emscher tanks have the 
ishmg a product of small volume which may be 
with the minimum offense. Fine screening 
loom and theiefoie should be considered wheie 
ugh, but in this case, as well as in plain sedi- 
sulting detritus or sludge contains so large an 
organic matter that its prolonged storage is 
Dopulous districts. These questions have been 
y Dr Eisner m Part I that it is unnecessary to 
,hem here 
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Having decided on the gcneial method to be employed the 
suits that may be expected, based on expenence in the United 
-atcs, me about as follows 

TABLE XL 

REMOVAL o* 1 SUSPENDED SOLIDS BY DIFFLUENT METHODS 
OP TREATMENT 
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por mil gal sew 


moist uro 




2 to 10 
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CO to 70 


4 to 7 


87 to 93 




50 to 70 


1 5 to 3 


SO to 00 




50 to 70 


1 to 2 


75 to 85 




75 to 00 


20 lo2C 


80 to 02 



These figures aie subject to so great a vaiiation, depending 
i local conditions, that they are meiely given as a guide to 
dicate the limiting values undei ordinary conditions. 

Cubic Yarola of Wet-Sludge containing 100 lbs.of Dry Residue 
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Fin 42 Volumes of sludge "with varying porconhws of moiature 
(Reproduced from Report on Disposal of Sewage, Philadelphia, 1911 ) 

The sludge produced has generally been given heretofore in 
ibic yards. In England it is more customary to mention the 
oduct by weight and as this is also frequently done in the 
nited States the following equivalents may be found useful, 
though these are subject to vaiiation, depending on the char- 
ter of the ingredients and the space occupied by air after 
aining. 
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TABLE XLI 
APPROXIMATE WEIGHT or A CUBIC YAHD OF Sij 



Per cent moistuio 


Pounds 


T()llh 


100 


1085 


S-l 


95 


1095 to 1705 


o ,sr> 


90 


1720 to 1775 


8(i to SS 


85 


1750 to 1S20 


87 to 91 


SO 


1700 to 1805 


89 to OH 



In selecting the method of tieatment the cost is an important, 
,nd sometimes the controlling, factoi. The septic tanks at 
Washington, Pa , cost $4173 per million gallons treated daily 
ir $15,650 per million gallons gioss capacity, 1 while the conc- 
ponding costs for the larger Columbus, , tanks (the contract 
nice for which was paiticularly favorable) were $3340 and 
18320, respectively. Rectangular Emscher tanks with 3 hours' 
etention of sewage and 5 months' retention of sludge would 
irobably cost from $5000 to $7000 per million gallons daily 
low or from $30,000 to $40,000 per million gallons gi oss capucii y, 
lepending on the excavation. The following figuies on a per 
apita basis are given by Mr George M. Wisner, Chief Engineer 
if the Chicago Sanitary District. 2 

TABLE XLII 

JOMPABATIVE COST OP SETTLING TANKS BASED ON A SHWACJM 
200 GALLONS PER CAPITA DAILY 



Type 


City 


Nominal period 
of uottHng 


CJoHl, pur iiuinUi 
for acmttlriifitinii 

SO fiK 
$0 77 
SO 84 
$1 4-1 


trnight-flow 
trught-flow 
>ortmund tank 
Imscher tank 


Columbus O 
ColumbiiB O 
Glovereville N \ 
Atlanta Gu, 


6 hours 
8 hours 
4 hourH 1 
3 hours' 



In case the area available for sludge drying is limited 01 costly 
he Emscher tank has a decided advantage, as fully explained 

1 According to Mr D M Belcher, AOTOO M Am Soc C E 

a Eng.Rec, Nov 4, 1911 

3 Sludge storage not considered 
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by Spillner and Blunk. As a result of the Chicago Experiments 
Mr Pearse is of the opinion that with to 8 horns' retention of 
sewage in a septic tank the sludge requires at least 20 days to 
become spadable, whereas with but from 1 to 3 hours' letention 
of sewage in an Emscher tank the sludge is in condition to be 
handled in about 5 days, requiring, theiefoie, not more than 
one-fourth the area For plain settled sludge a still laiger area 
is required amounting to fiom 1 to 2 acies per 1000 tons if air 
dried, or from 2 to 0.4 acres per 1000 tons if buried. See 
page 239 

It is concluded that the land required for Emschei tanks 
amounts to 63 sq ft per capita or, with appurtenances, 
10 sq ft per capita; and that for the drying beds there should 
be provided 0.3 sq ft per capita or, including ti acks, dikes and 
distribution, 5 sq ft per capita. The cost of the beds is esti- 
mated at 15 cents per capita l 

Experience in the Emscher Distiict has indicated 2 that threc- 
fourths acre of land is required for cvei y 10,000 pei sons, pioducmg 
about 30 cu. yds. of spadable sludge (less than 10 pei cent of 
the volume of the fresh sludge) pei annum. One man can 
handle the sludge f i om three times the above population if the 
point of deposit is near the plant 

As to the final disposition of the sludge the method selected 
depends, aside from the cost of land, on the charactei of the 
sludge, tho material available for sludge beds, the proximity 
of dwellings and the general character of the actual and pros- 
pective development in the neighborhood. 

In general terms, perhaps the following selection, as pioposed 
by Kinmcutt, Wmslow and Pratt, is as appropriate as can be 
given without going into greater detail: 

1 In the case of small isolated plants air-drying on the land 
or in lagoons is generally preferable, giving the dried sludge to 
farmers or burying it in the ground. 

2 For larger, but moderate-sized plants, burying in trenches 
is found satisfactory. 

3. For large cities located on the coast the cheapest and most 
expeditions method is removal by scow or steamer and dumping 
at sea. 

4, For large inland cities mechanical drying is often necessary, 

i " Rep on Sewage Wapoeal " George M Winner, Chicago, 1011 
s Charles 0ville, Jaw. Aaaoo Bug Boo , July, 1011 
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in which case the product can be given away as a fei tilizer or it 
can be buried 01, in isolated localities, used for filling in land 
If these methods of disposal are not feasible for any reason the ^ 
product can be mixed with house refuse or with a small amount 
of coal and burned in a destiuctor 

At the present time there are over 330 municipal sewage 
treatment plants in the United States. Of these, about thiee- 
fifths employ the septic tank, either for the complete, 01 as a 
piehminary process and one-fifth employ plain sedimentation 
The former method, which might more piopeily be called the 
semi-septic piocess, has been veiy generally adopted in the middle 
west duiing the past 10 years. Although the term septic has 
been populaily attached to these tanks they aie not true septic 
tanks in the light of the Saratoga decision Their effluents often 
contain dissolved oxygen and aeiobic conditions undoubtedly 
often exist in those paits of the tank thiough which the cleaier 
liquid passes, while the solids, detained by efficient baffling and 
generallj r collecting largely in the scum by leason of the entiamed 
gas, may at the same time develop septic or anaerobic conditions 

The period of retention is generally comparatively brief often 
not over 4 houis so that the sewage does not become thoroughly 
putrefactive 01 devoid of dissolved oxygen befoie passing off. 
These tanks and those devised by Travis and Imhoff are similar 
in this respect and diffei fiom the septic tank of Cameron, wheie 
the sewage is letamed at least 12, and oftener 24 hours This, 
too, is the usual practice in operation in the Eastern states. The 
divergent lesults obtained in the former tanks, for which the 
term "hydiolytic" has been used, from those obtained with the 
true septic tank has lesulted in a certain confusion of ideas in 
regard to the efficacy and offensiveness of the septic tank pro- 
cess The shorter period of retention, combined with a sewage 
both fresh and weak, results in an almost entire freedom from 
offensive odors in many of the western plants that is usually not 
enjoyed where a strong sewage is letamed for an entire day in an 
uncovered tank So, too, there appears to be a marked diffei ence 
in the amount of sludge and scum produced, for, as noted by 
Mr. J W Alvord, the deposits, requiring removal from the 
westein plants handling domestic sewage only are frequently 
veiy small in amount, while the scum forms lapidly, after pppiic 
action is established, to a veiy considerable thickness 

This suggests the desirability of studies to determine the best 
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\\u> of removing, and deposing of the scum, which diffeis materi- 
ill\ in diameter fiora ordinal y sludge 

Mtlmiifth in the Kiiwchci Distuct the scum does not seem to 
.itrmimlale In u f. r0 at thickness it may cause trouble in Emscher 
through its buoyancy by clogging or overtapping the vent 
unlosH these aio of ample width. By breaking up the 
TII m dcniKionally with a rake much of it will sink as a deposit 
uil h the sludge and release any accumulation of contained gas 

\\'licu removed from the am face of a tank leccivmg fresh 
M'\\ age anil whose contents are not thoroughly septic this scum is 
nnt particularly offensive and may often be diied out on beds in 
the open air before final disposal if not m the immediate vicinity 
"!' dwellings. 

The absence of sulphuretted hydrogen, and objectionable 
oilors generally, in the tanks of the Emscher Association, has 
been leceived with a certain amount of incredulity There 
appears, \\ilh our present knowledge, no good leason why these 
Kitten hhould nut form in one style of tank as well as another, 
piovided the other conditions are similar. Possibly the motion 
of I he sludge- particles caused by the eiuption of gas bubbles and 
t lie set tlement and withdi awal of sludge may influence the f orma- 
lion of tlipno guses, but it would seem to be largely accounted 
for by tlui fact that the greater part of the organic mattei fiom 
\\liifh milphurcttud hydiogen is produced remains ha suspension 
or in solution in the sedimentation chamber and passes out with 
the effluent, whilu iu the true septic tank these are retained in the 
limk until putrefaction is energetic and the odois, which arc 
chit'lly del ived from the non-sedimentable portion rather than 
from tin 1 sludge, aro given off in large amounts. 

With roKiird to Hludgo disposal in America, while there are 
imitated examples of lagooning, drying on the land, centnfuging, 
lire-wing and burning, these are so few in nurnbei, or else have 
hceit earned on with so little knowledge or care for the highest 
elhekmey, that no generalizations can be drawn that would 
compare in value with those derived from foreign plants and 
described HO fully in the reports of the Royal Commission on 
Howivpe DwjHWul and by the authois of the first thiec parts of 
thin volume. The quite common use of the septic tank has, in a 
mc'OMUri 1 , simplified the sludge problem and with the anticipated 
adoption of the KmHcher tank by many towns within a short time 
another Htop forward will have been taken. Horizontal tanks, 

17 
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with or without chemicals, will probably continue to be used on 
account of local conditions and it is probable that a broader 
field for fine screening and diymg by centrifugals will develop, 
but from the marked advantages in sedimentation processes 
carried on in conjunction with a special sludge chamber it seems 
probable that the Emscher tank in its present or a modified form 
is destined to play an important part in sewage treatment in 
America for some tune to come. 
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228, 247 

Dilution of cludgo, 74 
Disinfectant, 7 
Disinfection, 235, 230 
Distillation of gap, 101, 248, 249 
of grease, 104, 107, 108, 248 
Distribution (See Sludge-Trani-por- 

tation ) 
Dortmund tank, 37, 39, 48, 252, 

254 
Drainage water, 151, 152, 150, 157, 

159, 160, 109, 178, 18S, 191, 

250 

Dmlgo, 20, 34, 50 
Drying hods (Soo Sludgn Bads ) 
Dumping at wea (See Ocean Dis- 
posal ) 
on land (See Filling in Land ) 

Ejector (Seo Steam Ejector, Shone 

Ejector ) 

Eloctro-osmoae, 79, 139 
EmHchor tank, 14, 19, 39, 42, 45, 53, 

59, 03, 79, 99, 112, 110, 143, 



147, 177, 178, 180, 183, 191, 
224, 243, 255, 257, 258 
sludge, 62, 143, 159, 100, 179, 

224, 241, 243, 252, 253 
cost of, 189, 254 

Enzymes, 160, 104 

Essen tank (Soo Emscher Tank ) 

Facilol, 60, 132 

Fats (See Grease ) 

Fermentation (Seo Digestion ) 

Ferric sulphate, 230 

Fertilizer, 3, 5, 0, 55, SO, 83, 84, 85, 

89, 91, 92, 107, 10S, 114, 

123, 125, 126, 170, 177, 1X8, 

184, 233, 235, 230, 242, 240, 

252 

Fid lor system, 48 
Filling inland, 83, 109, 170, 231, 240, 

252, 250 

Filter pressing (See Sludge Pressing ) 
Filters, intermittent, 78, 113, 140, 

230, 242 
contact, 4, 12, 19, 27, 57, 74, 78, 

112, 113, 140, 252 
sprinkling, 4, 19, 57, 141, 208, 

252 

drum, 137 
rouglung, 141 
Fhes, 59, GO, 85, 92 
Floating arm, 28, 230 
Flow, 31, 32, 42, 45, 53, 178, 190, 225 
Flushing, 32, 42, 45, 53 
Fresh sludge (Seo Sedimentation, 

Sludge ) 

Ga (Soo alao Odors), 12, 25, 39, 
57, 78, 79, 95, 90, 97, 101, 
127, 141, 146, 153, 170, 177, 
179,182, 183, 184,187,191, 
202, 217, 224, 225, 227, 247, 
250, 257 
composition, 102, 106, 143, 161, 

225, 248, 249 

calorific value, 102, 103, 105, 

114 

Gels (Seo Hydrogels ) 
Globe fertilizer, 94 
Gradient (See Slope ) 
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(linaso, 230 

in scum, 216 

m sewage, 4, 25, 84, 106, 113 
in Hliul K i>, 10, 24, 36, 41, 67, 70, 
73,91,95,97,100,106,113, 
111, 125, 183,248 
valuo, 108, 120 

(Jrit, (Int olmmbor (Soo also De- 
trituM), 8, 19,22,62,78,165, 
ISO, 200, 201, 202, 204, 225, 
252, 253 
Ground water, 280, 233 



(Hoo Burning, Calorific Value ) 
Hillo'H process, 244 
HvilniKi'lM, 133, 160 
Hydrogen milphido (Soo Sulpliu- 

rcttod Hydrogen, Odor ) 
HydrosolH, 132 

Illuminating power, 102 
Imhoff tank (fine EmBchor Tauk ) 
Jmunoration (See Burning ) 
Infiltrutiun to sowar (See Ground 

Wutor } 
InturinittoJit filtration (Soo Fdtra- 

tion) 

Iron suits as precipitauts, OS, 137 
IriiRUtion, 12, 74, S3, 88, 90, 112, 

113, 114, 132, 133, 140 

Kromor apparatus, 10, 24, 80, 43, 
45, 48, 01, 84, 108, 109, 110 

Lagoonw (Soo Sludge Beds ) 
Laud (Heo Acreage, Filtration, Irriga- 

tion, Filling in Land ) 
Ligmto procoHH, 11, 21, 44, 45, 47, 02, 

07, 00, 70, OS, 100, 104, 115, 

127, 133, 137 
sludge, 94, 99, 106, 138 
Lime precipitant. 

added to sewage, 10, 20, 84, 100, 

109, 135, 230, 232, 233, 236, 

236,244 
added to sludge, 3, 59, 60, 68, 

60, 70, 84, 92, 94, 99, 137, 

230, 231, 233, 242 
Loam, 100 



Manganese dioxide, 235 
Marsh gas (See Methane ) 
Massachusetts Institute of Technol- 
ogy Experiments, 199, 202 
Massachusetts State Board of 
Health, 210, 217, 230, 247 
Muthane, 140, 143, 170, 191, 247, 248 
Metropolitan Sewerage Commission, 

Boston, 204, 205 
of Now York, 214, 229, 235 
Micella, 133 
Moisture in sludge (See Sludgo- 

oomposition ) 
Montojus, 106 

Native Guano, 94, 123 (See also 

Fertilizer ) 
Night soil, 5, 85, 236 (See also 

Fertilizer ) 

Nitrates, 110, 152, 156, 188 
Nitrites, 140, 152, 156, 188 
Nitrogen, 6, 83, 84, 85, 93, 114, 109, 

183, 242, 247, 248, 249 
Nuisance (See also Odor, Fliob), 

3, 121, 125, 256 

Ocoan disposal of sludge, 5, 6, 110, 

128, 238, 255 
Odor, 5, 11, 31, 36, 52, 56, 59, 60, 

61,07,09,77,79,80,85,88, 

92, 93, 94, 101, 109, 129, 
132, 134, 135, 130, 141, 152, 
159, 179, 183, 190, 191, 217, 
222, 225, 227, 237, 240, 262, 
256, 257 

( KlorloHs excavator, 237 
Oxygon, 101, 256 

Pathogenic gorms (Soe Bacteria) 
Poftt, 59, 60, 92, 98, 102, 114, 127, 

132, 248, 249, 

Porchloride of iron, 235, 236 
Phosphates, Phosphoric acid, 83, 

93, 242, 248 (Soo U!MO 
Fertilizer ) 

Pipe (See alsoTranHportation, Flow), 
42, 47, 49, 52, 53, 01, 85, 
86, 227, 262 

Plowing under (See Sludge Burial ) 
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Pneumatic (See Compressed Air, 
OclorlctiH Excavator, Sludge 
Transportation, Vacuum 
Receiver ) 

Population (Soo City in Question ) 

Potash, S3, 84 

Poudretto, 93, 125 

Power required, 70 

Precipitant (See Alummo-f e r r i o, 
Chemical Precipitation, 
Ferric Sulphate, Iron Suits, 
Lignite, Lime, Sulphate of 
Alumina ) 

Pressed sludge (See Sludge Cake ) 

Pressing sludge (See Sludge Proving ) 

Pump, pumping sewage, 225 

bludge, 41, 5"0, 61, 06, 87, 135, 

146, 230, 233, 235, 237 
detritus, 20, 27, 210 

Putrefaction, 7, 14, 25, 6D, 76, 135, 
143, 169, ISO, 236, 256, 257 

Recovery (See Fertilizer, Gas, 

Grease, Calorific Value ) 
Removal of detritus from grit 

chambers, 22, 25, 201 
from screens, 23 
of sludge, 22, 129, 242 
from plain precipitation, 23, 27, 

47, 48, 215, 217 
from chemical precipitation, 

235 
from Emscher tanks, 23, 143, 

170, 174, 227 
from septic tanks, 23, 218, 221, 

222, 223 

Retention (See Removal ) 
Revenue (See Sludge, Value of ) 
Roily water (See Turbid Liquid ) 
Rotary dryer (See Centrifugal 

Machine ) 

screen (See Screen ) 
Rotlio-ROcknor process, 134 
Royal Commission of Sewage Dis- 
posal, 238, 242, 244, 257 
Experiment Station, Berlin, 
16, 128 

Salt, 236 



Sand (sco also Filtration, Detritus), 
24, 26, 109, 241 

Sa,nd filters (See Filtration, Inter- 
mittent.) 

Sawdust, 241 

Semper, 45, 47, 73 

Screw conveyor (See Conveyor ) 

Screen, screening' bui, 19, 22, 51, 

84, 115, 202, 203, 204, 209, 

210, 221, 225, 233, 235, 252 

mesh, 22, 76, 84, 115, 200, 204, 

206, 208, 209, 245, 252, 258 

Screenings, 9, 92, 202 

composition, 9, 204, 205, 209, 

210, 245 

amount, 17, 19, 204, 205, 209, 
210, 245, 253 

Scum, 110, 141 

composition, 216, 224, 225 
amount, 215, 216, 222, 224, 227, 

256, 257 
disposal, 120 

Scum board, 29, 141, 215, 252 

Sea discharge (See Ocean ) 

Sedimentable matter, 190 

Sedimentation (See also Precipita- 
tion ) 
plain, 15, 18, 30, 190, 210, 212, 

213, 256, 258 

tank, 40, 46, 62, 115, 133, 140, 

141, 142, 212, 214, 217, 257 

sludge, 62, 64, 78, 83, 102, 131, 

132, 214, 217, 241, 252, 253 

Septic tank (See aluo Sedimenta- 
tion, Sludge), 11, 25, 74, 
79, 84, 115, 140, 141, 142, 
217, 219, 221, 222, 223, 247, 
252, 253, 254, 256 

Settling (Seo Sedimentation ) 

Sowage, composition, 8, 11, 16, 20, 
195, 196, 197, 198, 199, 206, 
211,212,213,218,220, 221, 
222, 223, 226, 231, 234, 236, 
247 

Shone ejector, 230 

Shutters, 50 

Siphon, 47, 53, 154 

Skimmer, 44, 45 

Slag, 99, 101, 109, 152, 164 
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Slopo of bottom, 30, 31, 37, 38, 39, 
40, 41, 43, 49, 50, 224 

of pipe, 49, 53 

Sludge bed (see also Sludge Dry- 
ing, Areii), 56, 57, 59, 63, 
87, 90, 112, 134, 136, 137, 
147, 152, 159, 164, 165, 175, 
177, 188, 191, 235, 237, 240, 
241,243, 250, 254,255,257 

burial, 88, 135, 142, 233, 239, 
243, 255 (See also Area, 
Sludge Drying ) 

cako> 07, 94, 99, 100, 106, 107, 
108, 231, 233, 244, 252 

culonfic value, 95, 96, 98, 100, 
102, 104, 127, 152, 246, 249, 
250, 251, 252 (See also 
Burning ) 

composition, 7, 9, 10, 11, 12, 13, 
14, 16, 36, 43, 54, 61, 74, 84, 
89, 91, 122, 131, 144, 145, 
146, 148, 149, 151, 153, 154, 
158, 159, 161, 167, 168, 175, 
180, 181, 184, 185, 212, 214, 
215, 217, 218, 221, 222, 223, 
224, 226, 242, 247, 250 

cylinder, 43 

distribution (See Pipe Linos, 
Channels ) 

drainage of, 3, 41, 56, 91, 134, 
137, 142, 140, 160, 163, 164, 
176, 178, 18.6, 188, 191, 241 
(See also Sludgo Drying, 
Sludgo Bods ) 

drying, 55, 128, 129, 132 
artificial, 64, 94, 104, 122, 
138, 244, 252, 255, 267, 258 
in the air, 6, 21, 24, 30, 36, 56, 
60, 61, 62, 67, 80, 90, 93, 
97, 98, 107, 109, 122, 133, 
140,156, 170,212,224,227, 
228, 235, 240, 241, 244, 245, 
252, 254, 255, 257 

feeezmg, 176 

grease m (See Grease ) 

holder (See Sludge Receiver, 
Sludgo Tank, Vacuum Re- 
ceiver.') 

liquefaction (See Digestion ) 



liquor (Sec Turbid Liquid.) 
removal (Sco Romoval ) 
measuring, 173, 175 

B, 18, 05, 77, 106, 108, 113, 

127, 137, 142, 230, 232, 233, 

243, 244, 252, 257 

car, 33, 34 

r, 6(1, 72, 78, 86, 87, 110 
Hiimplmg, 184 
Hpnuihc gravity (See Sludge 

Composition, Weight ) 
Hoptio tank, 61, 62, 64, 91, 92, 

98, 102, 103, 110, 140, 141, 

142, 247, 248 
fltoamer (See Sludge-Transpor- 

tution, Ocean disposal ) 
Htonigo of, 86, 113, 140 (Soo alt,o 

DigoaLion, Romoval ) 
tank, 207, 230 
trannportation, 0, 51, 59, 76, 

85, 91, 110, 124, 129, 231, 

232, 237, 238, 239, 241 
value f, 82, 84, 89, 91, 92, 99, 

12.1, 121, 126, 129, 170, 242, 

243, 244, 245, 216 
volume, 5, 7, 10, 12, 13, 14, 15, 

II), 54, 01, 64, 70, 73, 74, 

77, 82, 90, 102, 104, 112 

124, 126, 106, 253 
from plain sedimentation, 102, 

132, 211, 212, 213, 214, 234 
from Hciptic tanks, 19, 219, 

220, 222, 252, 256 

from EmHchor tank?, 144, 
148, 150, 101, 162, 103, 105, 
107, 108, 173, 170, 177, 221, 

221, 225, 220, 227, 228, 229, 
252 

from ohomioul procipitution, 
20, 230, 232, 233, 234, 235, 
236, 240 

wight, 70, 102, 148, 150, 151, 
155, 168, 106, 107, 108, 223, 
231, 244, 250, 253 
flmell (Son Odor.) 
Solids in tiowage (Soe Howagc- 

compoBition.) 

iu sludge (Seo Sludge-compo- 
sition.) 
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Sprinkling filter (See Filtration ) 

Squeegee, 34, 35, 47 

Steam ejector, 26, 52 

Stirring device, 44, 45, 47, 66 

Storage (See Removal ) 

Storm water, 8, 20, 191 

Street wash (See Storm Water ) 

Sulphate of alumina, 69, 98, 104, 127, 
133, 230, 244 

Sulphide of hydrogen (See Sul- 
phuretted hydrogen ) (See 
also Nuisance, Odors ) 
of iron, 94, 134, 141, 221 

Sulphuric acid, 106, 108, 235 

Sulphuretted hydrogen, 79, 140, 143, 
156, 169, 179, 257 (See also 
Odor.) 

Sump, 29, 42, 50, 51, 53, 78 

Suspended matter (See Sewage- 
composition, Sludge-com- 
position ) 

Sweepings, 92, 93, 100, 114, 128, 
136 

Tank (See Candy T, Chemical 
Precipitation T , Dortmund 
T, Emscher T, Kremer 
Apparatus, Septic T , Sedi- 
mentation T , Sludge T ) 

Temperature, 227, 247, 250 
Towers, 14, 27, 45, 127, 134 
Trade waste, 206, 232, 252 



Transportation (See Carts, Con- 
veyors, Channels, Pipes, 
Sludge Transportation ) 

Turbid liquid, 27, 29, 36, 38, 48, 49, 

50, 51, 57, 78, 85, 139, 186, 
187, 188, 230, 241 

Under-drainage (See Drainage 
Water, Sludge Drainage ) 

Utilization of sludge, agricultural 
(see Fertilizer), burning (see 
Calorific Value) (Burning), 
production of gas (see Gas), 
recovery of grease (see 
Grease.) 

Vacuum receiver, 18, 27, 29, 41, 42, 

51, 52, 78 

Valves, 23, 28, 29, 48, 49, 51, 53, 72, 

86 
Velocity, 14, 30, 200, 201, 202, 212, 

215, 233 
Vermin, 125 
Viscosity, 160 

Vitnol (See Sulphuric Acid ) 
Volume of sludge (See Sludge ) 

of scum (See Scum ) 

Wagon, 52, 85, 129, 237 
Wastes (See Trade Waste ) 
Water in sludge (See Sludge Com- 
position ) 

Wells (see also Sump), 14, 27, 20, 
36, 37, 39, 45, 47 



ERRATA 
ili. li) 1,1110 -2 from bottom Jn plucn (if "miRppiiad" should read 

"HllNpUlldl'd " 

' l' 1.HW J In plnvc (if " 11)0" Hhould read "1000 " 

J.I I.nii'l.") In placeof " very" nhuuld road"overy " 

L'T !t(\fis llu immbiu'H and positions of footnotes 

" ':> I nili-i Kin a 1 I'lui-n of "lliH watering" should road 



I,:is1 \\nrd J ii plan) (if "innnorat ion " Khould road "evapora- 

tlllll " 

.ili I mi' I'J In pl.ii'i' of "picssci" should roud "prossort " 
11 hi! l.iiu* I In pliK'i-of " 1 Jlo:{tnlto2 II Hhouldread "2/Stol/2 " 
71 Lint- S In pint-it ol "li to V should rend "2/3 " 
Line 'l. la pliu'iMif"! tii .?" Hhould lend "1/3" 
LIIU- I'J Irnin hiillnm. In pliuio of "*) to 10" and "1 to 10" 

-hoiilil ri-uil "11/10" mid "1/10 " 
!.ini> J- r i In plum of " 1720" tiliould ic.ul " 171S " 
11 Hill 1 mi- 10 In plan- <if "witlm" slioiild rend "wiLli " 
" 1 !*i l.im - r > frnni liottoin In plnco of "VV. Oven Trtivia" fihoiild 

n-iid "\V <hvcn 'I'raviH " 

" 1 is Line 'J Irmn huttoni In pliiof of "1 1) " Hhould read " U 1 " 
Lun 1 I nun lml,1om In place of "li 1" should road "21 " 
1M< Liiti* I." I ruin bottom In jilai-i' of "RochliuRlmuson" should 

ITllll " HU'kllMK"-VWIMl " 

' 'JOO l,iui> 7 i n place of "wn i " Hhould mud "WOH " 

11 l!Ul. Uiii> a In plmv of " l.S,ir>0 " Hhould road " ISlf) " 

" "JIM l.ini 1 1 from bottom. In plaon of "Oom'rs" should mid 

"(-oin'n" 

11 VilU. t<uii'i:t, In pluco of "pumpt d" Hhould nmd "pumped " 
" 'JIM. I'liu-i- Tublc \VI at font of punn. 
" WS. I.IMI' S. In pltici' of 'MO " Hhould road "400 " 
11 'j:il>. In Tablt. XXIX iiiilnut " HarkinR" inHtoad of " Glasgow " 
11 'JH. Mm* HI trnm bottom. In plaon of "tho TIilloH 11 should road 

"tlillc'H 11 

" 12 4 
11 251. Im<m It and 1 from bottom iu column 2. In placo of 2 ' 

Hhould nuul " I'J 4-2U 11." 
" 'J55. I,iru> IS. In pliicn of " 10" Hhould mind " 1.0 " 
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